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1.0 INTRODUCTION 
The U.S. Environmental Protection Agency (EPA) has evaluated the potential impacts to federally-listed 


endangered or threatened species that could result from the reissuance of the City of Puyallup National 


Pollutant Discharge Elimination System (NPDES) permit.  The receiving water for the discharge is the Puyallup 


River.  The Puyallup Tribe’s Water Quality Standards (WQS) designate beneficial uses for waters of the 


Reservation.  The current Tribal standards for the Puyallup River designate the river as Class A in the vicinity of 


the outfall. Characteristic uses include the following: domestic, industrial and agricultural water supply, stock 


watering, fish and shellfish (including salmonids, crustaceans and other shellfish, and other fish), wildlife habitat, 


ceremonial and religious water use, commerce, navigation, and primary and secondary recreation.   


Section 7 of the Endangered Species Act (ESA) requires that federal agencies consult with the U.S. Fish and 


Wildlife Service (USFWS) and National Oceanic and Atmospheric Administration National Marine Fisheries Service 


(NMFS) (collectively the Services) to ensure that any action it authorizes is not likely to jeopardize the continued 


existence of any species listed under ESA or result in the destruction or adverse modification of critical habitat 


required by a listed species.   


EPA has developed this Biological Evaluation (BE) to assist with consultations for the proposed permit action 


under ESA Section 7 and Section 305(b) of the Magnuson-Stevens Fishery Conservation and Management Act 


(MSFCMA).  The BE describes the receiving environment and potential effects (direct and indirect) of the 


proposed permit action to ESA regulated fish and wildlife and critical habitat that may be present in the vicinity of 


the project area.  The BE evaluates the species and critical habitat under the jurisdiction of both USFWS and 


NMFS. 


The federal action discussed in this BE is the reissuance of the NPDES permit to the City of Puyallup.  EPA’s 


NPDES permitting program is authorized by Section 402 of the Clean Water Act (CWA, or the Act) and 


implemented by regulations appearing in Part 122 of Title 40 Code of Federal Regulations (CFR) as well as other 


Parts of 40 CFR. 


2.0 DESCRIPTION OF THE ACTION AND ACTION AREA 


2.1 DESCRIPTION OF THE PROJECT PURPOSE AND OBJECTIVES  


The purpose of reissuing the NPDES permit is to allow the City of Puyallup to continue to discharge domestic and 


industrial wastewater in compliance with the CWA.  NPDES permits implement the Act’s requirements for 


technology-based limits, such as the “secondary treatment” technology-based effluent limits required by Section 


301(b)(1)(B) and implemented by this permit.  All NPDES permits must include effluent limits at least as stringent 


as the applicable technology-based limits regardless of the discharge’s impact on water quality. 


NPDES permits also implement the Act’s “fishable/swimmable” goal (Section 101(a)(2)) by including water 


quality-based limits that may be more stringent than technology-based limits.  Water quality-based effluent 


limits are required by Section 301(b)(1)(C) of the Act and they protect the aquatic life, human health, and 
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recreation uses of the nation’s waters.  Section 301(b)(1)(C) also requires permits to implement state 


wastewater treatment requirements if they are more stringent than federal technology-based effluent limits.   


The NPDES permit for the City of Puyallup establishes effluent limitations, prohibitions, best management 


practices (BMPs), and other conditions governing the discharge of pollutants to waters of the United States.  The 


permit has a term of five years from the effective date.  The Fact Sheet developed in support of the permit 


describes in detail the proposed permit requirements and conditions.   


2.2 DESCRIPTION OF THE FACILITY 


2.2.1 FACILITY CHARACTERISTICS 


The City of Puyallup (Puyallup) wastewater treatment plant (WWTP) is a publicly-owned treatment works 


(POTW) providing secondary treatment and disinfection of domestic wastewater and limited industrial wastes. 


In 1955, 6.0 million gallons per day (mgd) sewage treatment plant providing primary treatment and disinfection 


was constructed at the present site.  In 1984, the treatment plant was upgraded to a secondary treatment 


system utilizing rotating biological contactors (RBCs).  In April 1999, the RBCs were replaced by an activated 


sludge system and chlorination was replaced by ultraviolet disinfection.  The treatment plant was also upgraded 


to a maximum month design flow of 13.98 mgd.  From December 2011, the treatment plant average flow of 4.07 


mgd, and a maximum monthly average flow of 8.81 mgd.  Figure 1 shows the treatment plant and discharge 


locations.   


 
FIGURE 1. FACILITY AND OUTFALL AERIAL VIEW 


 


Currently, the Puyallup WWTP provides an intermediate level of nutrient removal between secondary and 


tertiary treatment.  The removal method involves some nitrification in the activated sludge process that typically 


reduces ammonia concentrations in the final effluent.  The anoxic and aerobic zones in the activated sludge 


process also provide incidental biological removal of phosphorus.  This plant has an extended solids retention 
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time (SRT) of 18 hours which is comparable to the LOTT WWTP in Olympia which is a tertiary plant with an SRT 


of 18.6 hours.  This extended SRT provides more time for biological contact which enhances microbial 


breakdown of the contaminants in the effluent.  Lubliner et al., (2010) also suggest that pH changes within the 


treatment system may increase the rate of antibiotic removals (Holtz, 2006 in (Lubliner et al. 2010). 


2.2.2 EFFLUENT LIMITATIONS 


The draft permit proposes effluent limits for 5-day biochemical oxygen demand (BOD5), total suspended solids 


(TSS), fecal coliform, pH, copper, and ammonia.  The specific proposed effluent limits are listed below (Table 1) 


as well as in the draft permit and Fact Sheet (see Attachments 1 and 2).  The basis for the proposed effluent limit 


is provided in the Fact Sheet.   


TABLE 1.  OUTFALL 001 EFFLUENT LIMITS COMPARISON  


Parameter Average Monthly Limit Average Weekly Limit Maximum Daily 


Limit 


 Draft 


Permit 


(2012) 


Existing Permit1 Draft 


Permit 


(2012) 


Existing Permit Draft 


Permit 


(2012) 


Existing 


Permit 


BOD5, Effluent 


(mg/L) 


30 


 


30 


 


45 


 


45 --- 


lb/day2 2179 2179 3268 3268 --- 


 


--- 


Minimum Percent 


Removal 


85 85 __ __ __ __ 


TSS, Effluent 


(mg/L) 


30 


 


30 45 45 __ __ 


lb/day 2333 2333 3499 3499 __ __ 


Minimum Percent 


Removal 


85 85 __ 


 


__ 


 


__ 


 


__ 


 


Fecal Coliform 


#/100 mL3 


100 100 __ __ __ __ 


Total Ammonia (as N) 5.4 6.8 __ __ 16.1 17.6 
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11-1/3-30 (mg/L) 


lb/day 793 793 __ __ 2622 2862 


Total Ammonia (as N) 


5/1 – 10/ 31 (mg/L) 


4.2 4.2 __ __ 12 12 


lb/day 490 490 __ __ 792 792 


Copper, Total 


Recoverable 


µg/L 


7.1 8.5 __ __ 13.7 13.7 


lb/day 0.83 0.99 __ __ 1.6 1.6 


pH, std units --- --- --- --- 6.5 - 


9.04 


6.2 - 9.0 


Notes: 


1. The existing permit limits were issued in 2003. 


2. Mass-based loadings are based on a design flow of 13.98 mgd (or 19.5 mgd for winter ammonia 


loadings).  See Appendix C of the Fact Sheet for the basis for these effluent Limits. 


3. The draft permit required that no more than 10 percent of samples over a 30-day period may 


exceed 200/100 mL 


4. The draft permit requires that the pH be within the specified range of 6.5 to 9.0 at all times.  


 


The procedures followed by EPA to determine the need for water quality-based effluent limits (the “reasonable 


potential analysis”) and to calculate effluent limits are explained in the Fact Sheet for the Facility and in the 


Technical Support Document for Water Quality-based Toxics Control (EPA 1991).   


2.2.2.1 TSS, SEDIMENT AND TURBIDITY 


Federal secondary treatment standards, including limits for TSS, are established in 40 CFR §133.102.  These 


secondary treatment standards require the 30-day average percent removal of TSS to be 85percent, a 30-day 


average TSS effluent limit of 30 mg/L, and a 7-day average TSS effluent limit of 45 mg/L.  In accordance with 40 


CFR §122.45(f), permit writers must apply these secondary treatment standards as mass-based limits using the 


design flow of the plant.  The facility was able to meet the previously permitted effluent limits for TSS.  The 


reissued permit includes a technology-based monthly effluent mass limit of 2,333 lbs/day and a weekly average 


effluent mass limit of 3,499 lbs/day.  These limits are the same as the limits set by the previous permit for TSS.  


TSS effluent monitoring data is compared to the previous effluent limits in Table 2, below.  
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TABLE 2. TOTAL SUSPENDED SOLIDS EFFLUENT MONITORING DATA (AUGUST 2003-DECEMBER 2011)  


Parameter Units Previous 


Permit Limit 


Average Minimum Maximum 


TSS (mean 


monthly) 


mg/L 30 5 -- 12 


TSS (mean 


weekly) 


mg/L 45 7 -- 16 


 


TSS (mean 


monthly) 


lbs/day 2,333 193 -- 669 


TSS (mean 


weekly) 


lbs/day 3,499 286 -- 1264 


TSS percent 


Removal 


percent 85 (min) 98 91 99 


Source: Discharge Monitoring Report (DMR) data submitted by the City of Puyallup WWTP to EPA. 


2.2.2.2 AMMONIA 


To evaluate ammonia toxicity and establish a limit, EPA used the available receiving water information for 


ambient station 10A070 (Puyallup River at Meridian) and guidance in the 1999 Update of Ambient Water Quality 


Criteria for Ammonia (EPA-822-R-99-014, December 1999).  EPA used 40.0 µg/L) for the ammonia background 


concentration.  The 99th percentile ammonia value reported on monthly DMRs for the November-April season 


(within the period from August 2003 through December 2011) was 6.83 mg/L, and the mean was 0.31 mg/L.  


The 99th percentile ammonia value reported on monthly DMRs for the May-October season was 6.64 mg/L, and 


the mean was 0.5 mg/L.  Ammonia was found to pose a reasonable potential to cause excursions above water 


quality standards outside of the mixing zone during the months of November through April.  The acute water 


quality criterion for unionized ammonia in this discharge is 85 µg/L and the chronic criterion is 19 µg/L during 


November through April.  The acute water quality criterion for unionized ammonia is 140 µg/L and the chronic 


criterion is 31 µg/L during May through October.  The applicable water quality criteria for ammonia are 


presented in Table 3 below.  
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TABLE 3. COMPARISON BETWEEN RECEIVING WATER PH, TEMPERATURE AND UNIONIZED AMMONIA CRITERIA  


Time Period Receiving Water Conditions
1
 Acute Criteria 


(µg/L) 


Chronic Criteria 


(µg/L) pH Temperature (°C) 


11/1-4/30 7.67 9.0 85 19 


5/1 -10/31 7.70 15.9 140 31 


Note: 


1. Based on the 90th percentile of the receiving water data collected from 1990 to 2007. 


 


2.2.2.3  PH 


EPA established technology-based effluent limits that define the minimum level of effluent quality attainable by 


secondary treatment.  These secondary treatment standards are defined in 40 CFR 133.102 and include a pH 


range of between 6.0 and 9.0 standard units (40 CFR 133.102(c)).  The draft permit sets the effluent limits for pH 


in the range of 6.5 to 9.0 standard units.  Based on electronic data submitted subsequent to the permit 


application, the 5th (lower bound) to 95th (upper bound) percentile pH range of the effluent is 6.2 to 7.3 


standard units.  The pH range at the mixing zone boundary was determined using a model adapted from the 


program developed for CO2 System Calculations at Oak Ridge National Laboratory’s Carbon Dioxide Information 


Analysis Center (Lewis 1998).  The model determines pH at the boundary as a function of dilution, background 


and effluent temperature, pH, salinity and total alkalinity.  The model indicated that an effluent pH within the 


range of 6.5 to 9.0 is required to achieve a pH at the edge of the mixing zone that complies with the Tribe's 


water quality standards.  Therefore, the draft permit contains a pH range of 6.5 to 9.0. 


2.2.2.4 BOD5 


Federal secondary treatment standards for BOD5 are established in 40 CFR §133.102.  These secondary 


treatment standards require the 30-day average percent removal of BOD5 to be 85 percent, a 30-day average 


BOD5 effluent limit of 30 mg/L, and a 7-day average BOD5 effluent limit of 45 mg/L.  In accordance with 40 CFR 


§122.45(f), permit writers must apply these secondary treatment standards as mass-based limits using the 


design flow of the plant.  The resulting monthly and weekly average loadings are 3,498 lbs/day and 5,247 


lbs/day respectively.  These loading limits are less stringent than water quality-based BOD5 loading limits.  


Therefore, the BOD5 loading limits in the draft permit are based on more stringent water quality standards.  The 


Washington Department of Ecology (Ecology) developed a preventative Total Maximum Daily Load (TMDL) for 


BOD5 and ammonia throughout the Puyallup River basin and tributaries effective May 1 through October 31.  


The TMDL provides an option for dischargers to reduce the waste load allocation (WLA) for ammonia in order to 


increase the WLA for BOD5, since both parameters together influence dissolved oxygen.  The water quality-


based BOD5 effluent limits are 2,179 lbs/day average monthly and 3,268 average weekly BOD5.  These are the 


same limits as those included in the previous permit.  BOD5 effluent monitoring data is compared to the 


previous effluent limits in Table 4. 
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Table 4. BOD5 effluent monitoring data (August 2003-December 2011)  


Parameter Units monthly 


average 


Previous 


Permit Limit 


Average Minimum Maximum 


BOD5 mg/L  30 4.3 -- 16 


BOD5 lbs/day 2179 131 -- 1427 


BOD5 percent 


Removal 


Percent 85 (min) 98  93  >99  


Source: DMR data submitted to EPA by the City of Puyallup WWTP. 


2.2.2.5 TEMPERATURE 


According to the Puyallup Tribe water quality standards temperatures in Class A (excellent) freshwater are not 


to exceed 18.0 °C.  In the absence of a TMDL, but in cases where natural conditions exceed the criteria, each 


point source is allowed to warm water at the edge of the chronic mixing zone by 0.3 °C.  The maximum reported 


effluent temperature during the summer was 23.6 °C, and during the winter was 18.4 °C.  A reasonable potential 


analysis performed by EPA Region 10 and explained in the Fact Sheet shows that the permitted discharges do 


not pose a reasonable potential to cause or contribute to excursions above applicable water quality standards 


for temperature.  The draft permit does not propose water quality-based effluent limits for temperature at this 


time. 


2.2.2.6 BACTERIA 


The Puyallup Tribe’s water quality standards state that the geometric mean of fecal coliform bacteria may not 


exceed 100 colonies/100 ml, and no more than 10 percent of the samples used to calculate the mean may 


exceed 200 colonies/100 ml.  Fecal coliform counts in the Puyallup River upstream of the City’s discharge 


sometimes exceed these criteria.  When the upstream water quality exceeds the criteria, there is no “clean” 


water to mix with the discharge to enable the water to meet the criterion downstream.  As a result, the 


discharge must meet the criteria at the point of discharge.  The criteria have been incorporated directly into the 


draft permit as a monthly average limit with a requirement that no more than 10 percent of samples exceed 


200/100 ml.  There were no fecal coliform effluent limit violations reported in DMRs received by EPA for the 


period between August 2003 and December 2011.  Table 5 below states the average, minimum, and maximum 


fecal coliform levels as submitted in monthly DMR reports to EPA for this period. 
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TABLE 5. FECAL COLIFORM EFFLUENT DATA (AUGUST 2003-DECEMBER 2011) 


Fecal coliform effluent data 


Ave: 12 cfu/100ml 


Min: 0 cfu/100ml 


Max: 57 cfu/100ml 


Source: DMR data submitted to EPA by the City of Puyallup WWTP. 


2.2.2.7 METALS 


EPA must place limits in NPDES permits on toxic chemicals in an effluent whenever there is a reasonable 


potential for those chemicals to exceed the surface water quality criteria (40 CFR 122.44).  EPA obtained metals 


background concentrations from upstream long-term monitoring station #10A070.  EPA determined that copper 


posed a reasonable potential to exceed the water quality criteria at critical conditions.  Based on data submitted 


by the City, EPA determined that copper demonstrates a reasonable potential to contribute to exceedences of 


the criteria at the edge of the mixing zone.  The draft permit contains limits for this metal.   


The facility remained in compliance with mercury limits during the permit cycle.  A reasonable potential 


evaluation was conducted using recent mercury data provided by the City.  The evaluation indicated that 


mercury in the effluent does not pose a reasonable potential to cause an exceedence of applicable water quality 


criteria.   


Lead and zinc also did not pose a reasonable potential to exceed water quality criteria, though the limits 


associated with each were exceeded on one occasion during the last permit cycle.  In the absence of reasonable 


potential, however, the effluent limits for mercury, lead, and zinc were considered unnecessary.  Mercury, lead, 


and zinc limits were removed in the draft permit and the basis for the change is provided in the Fact Sheet.  In 


short, new information was obtained that was not available at the time the original limits were developed.  The 


information came in the form of a larger set of sampling results obtained via the proper sampling methods.  In 


the absence of sufficient quantities of data, previous reasonable potential calculations relied upon data of 


questionable quality.  The limits in the proposed permit are based on more reliable data and continue to be 


protective of water quality.   


2.2.3 DESCRIPTION OF MIXING ZONE 


Under the Tribe’s water quality standards, dischargers are not authorized to use the entire upstream flow for 


dilution of their effluent. Instead, the standards contain the following restrictions on mixing zones for 


determining compliance with chronic and acute criteria: 


 The size may be up to 300 feet plus the depth above the diffuser, 100 feet upstream, and 25 percent of 


the width of the river at the 7Q10 flow; 


 The mixing zone may not be more than 25 percent of the volume of the 7Q10 flow; 


 The acute mixing zone must be the same width and 10 percent of the length of the chronic mixing zone; 


and, 
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 The acute mixing zone is limited to 10 percent of the volume of the chronic mixing zone, or 2.5 percent 


of the 7Q10 flow.   


The Puyallup WWTP mixing zone is depicted below with the maximum dimensions allowed by applicable water 


quality standards.  The 1996 Facility Plan for the treatment plant (Fox 1995) provided the basis for determining 


dilution factors under critical conditions.  The basis for the selection of previous and current dilution factors, 


which were used in calculating the water-quality based effluent limits, are summarized in Table 6. 


TABLE 6. DILUTION FACTORS AT CRITICAL MIXING CONDITIONS  


 


 


SELECTION OF DILUTION FACTORS
1,2,3


MODELED FACTORS (Using Modified Fischer Method)


OLD DF's Port Flow (cfs) DF Effluent Flow Assumption


acute
4


1.13 5 20.4 MGD (1996 Puyallup Facility Plan Appendix F)


chronic5 0.86 7 15.6 MGD (1996 Puyallup Facility Plan Appendix F)


NEW DF's 6  (less Microchip flow of 1.88 MGD)


acute 0.78 13.9
16 - 1.88 MGD. Port7 flow calculation for acute condition: ((16-


1.88)/28)*1.547 = 0.78 cfs


chronic 0.54 23.0
11.6 - 1.88


 
MGD. Port flow calculation for chronic condition: 


((11.6-1.88)/28)*1.547 = 0.54 cfs


SIMPLE MIXING FACTORS (Based on 2.5%, 25% of 7Q10 River Flow) 


OLD DF's DF


acute -- 1.8


DF used in previous permit. Calculation:                                      


(river flow + effluent flow) / effluent flow = DF 


or (0.025*757 + 24.752) / 24.752 = 1.8


chronic -- 11.5
DF used in previous permit.  Calculation:                                        


(0.25*757 + 17.9452) / 17.9452 = 11.5


NEW DF's (same as previous permit but with no Microchip flow; used in draft permit)


acute -- 1.9 At the request of the Tribe, no change in draft permit was 


made to this DF except accounting for loss of Microchip flow.


chronic -- 13.6 At the request of the Tribe, no change in draft permit was 


made to this DF except accounting for loss of Microchip flow.


SELECTION OF DILUTION FACTORS FOR NEW PERMIT


NEW DF's (most stringent from above sets)


acute -- 1.9 From simple mixing method above.


chronic -- 13.6 From simple mixing method above.


Notes: 


2.) 7Q10 assumption: 757 cfs per 1996 Puyallup Facility Plan


3.) Conversion factor for effluent flow: 1 MGD = 1.547 cfs


4.) Acute DF modeled using max daily effluent design flow (dry weather).


5.) Chronic DF modeled using max monthly effluent design flow (dry weather).


7.) Assumed diffuser with 28 ports per 1996 Puyallup Facility Plan.


6.) New DF's in this table use HEC RAS river velocity and depth corrections. If 7Q10 river velocity and depth from the 1996 Puyallup Facility Plan 


were used instead, the new DF's would have been an acute DF of 7.7 and a chronic DF of 11.1 (only corrected for loss of Microchip flow).


1.) This table assumes 2004 design conditions per the 1996 Puyallup Facility Plan. Actual effluent flows are significantly less than the design flows 


assumed here.
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2.3 DESCRIPTION OF THE ACTION AREA   


Pollutants in the effluent may affect the aquatic environment near the point of discharge (near-field) or at a 


considerable distance from the point of discharge (far-field).  Toxic pollutants, for example, are typically near-


field pollutants that can critically and include both the chronic and acute mixing zones.  However, their adverse 


effects tend to diminish rapidly upon mixing in the receiving water.  Conversely, a pollutant such as BOD5 is a 


far-field pollutant whose adverse effects can occur far away from the discharge even after dilution has occurred.  


Water quality standards established by the Puyallup Tribe are met within the bounds of the mixing zones the 


Tribe has previously granted to the City of Puyallup.  At the request of USFWS, EPA delineated an action area 


that was sized larger than the chronic mixing zone in order to estimate an area needed to dilute the effluent 


plume to concentrations approaching background levels upstream of the discharge.  To aid in this definition of 


the action area, EPA used a model developed by Cosmopolitan Engineering based on the work of Fischer and 


others in the book Mixing in Inland and Coastal Waters (Fischer et al., 19791).  This modified Fischer approach 


was used in the 1996 Facility Plan and models mixing conditions for the Puyallup outfall using a two-dimensional 


advection dispersion equation.   


 


 


 


                                                           


1 Fischer H, et al., 1979. Mixing in Inland and Coastal Waters, Academic Press, New York. 
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The general equation used to determine the total effluent concentration (Cy) for the multiport diffuser is as 


follows: 


 


The modified Fischer method described in the facility plan was used to approximate an action area within which 


chemicals within the effluent plume would dilute to near background levels.  Model inputs and assumptions are 


presented in Table 7.  


TABLE 7. MODEL INPUTS AND ASSUMPTIONS  


Input Parameters – Effluent Quantity Units Source 


q = port flow rate1 0.54 cfs Puyallup Facility Plan (1996) 


x = distance downstream from 


diffuser port 


(variable) ft -- 


y = transverse distance from 


plume centerline (i.e. cross-


stream) 


(variable) ft -- 


u = river velocity  (variable) fps Variable (per HEC RAS modeling 


provided by USACE 3/2012). 


d = river depth (variable) ft Variable (per HEC RAS modeling 


provided by the USACE 3/2012) 


 = transverse dispersion 


coefficient,   


(calculation) ft^2/s Transverse dispersion is a function of 


other inputs in this table.  


g = gravitational acceleration  32.2 ft/s^2 -- 


S = longitudinal slope of river 


bottom 


0.0009 ft/ft Puyallup Facility Plan (1996) 


Notes: 


1Assumed dry weather max month flow (the effluent critical flow for WQ chronic mixing condition) of 


11.6 mgd. The expired MASCA facility flow of 1.88 mgd was subtracted from 11.6 mgd, and the result 


was converted to cfs and divided by 28 ports to get the flow rate for each individual port.  
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EPA used data collected at an upstream (River Mile 8.3), long-term river monitoring station maintained by the 


Department of Ecology (Station #10A070) to set the background concentrations (Table 8).  Effluent 


concentrations used in the model represent the 99th percentile or the maximum effluent concentration reported 


to EPA by the facility (April 2003 through December 2011).  For metals, this information was typically reported 


as total recoverable.  In such cases a metals translator was applied to convert total recoverable concentration 


data into dissolved concentration data that could be compared to ambient monitoring data from Ecology’s 


Environmental Information Management (EIM) database. 


TABLE 8. ESTIMATING DILUTION NECESSAREY TO APPROACH BACKGROUND (WITHIN 5%)  


 


Conservative parameters:


Arsenic
5


1.08 1.40 1.00 1.40 1.3


Cadmium 0.02 0.18 0.87 0.16 7.4


Chromium 0.27 2.70 1.00 2.70 9.9


Copper 0.99 20.90 0.86 18.02 18.3


Lead 0.05 1.00 0.69 0.69 13.1


Mercury
6 0.009 0.02 1.00 0.02 2.4


Nickel 0.55 3.00 0.95 2.85 5.2


Selenium7 0.53 1.10 1.00 1.10 2.1


Silver 0.02 0.30 0.53 0.16 7.6


Zinc 2.79 72.04 0.89 64.19 23.0


Non-conservative parameters:


Ammonia 42.00 9,250 NA
9250.00 220.2


Notes:


6.) Mercury background concentration is in total recoverable Hg. 


5.) Arsenic background concentration is in total recoverable As. 


7.) Selenium background information was not available, so 1/2 of the detection limit was assumed.


3.) Effluent concentrations represent the 99th percentile of effluent data reported for the monitoring 


period of April 2003 through December 2011.


Parameter Effluent 


Concentration 


(ppb, metals as 


total 


recoverable)


Metals 


Translator2


2.) A metals translator is necessary to predict the dissolved to total recoverable fraction that will 


occur in the receiving water from the total recoverable metal in the effluent. This was necessary in 


order to compare the effluent data with ambient “background” dissolved metals data from Ecology’s 


EIM database.


4.) Ratio of the effluent concentration to the background concentration.


Effluent 


Concentration3 


(ppb, metals as 


dissolved)


1.) Background concentrations were adjusted upwards by 5% to provide a conservative dilution 


target for the downstream effluent plume.


Dilution Factor 


(necessary to 


approach 


background)
4


Adjusted 


Background 


Concentration1 


(ppb dissolved, 


unless otherwise 


indicated)
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After a quick initial decline in pollutant concentrations, the increase in dilution slows and there is only a small 


difference between the dilution modeled at the acute and chronic mixing zone boundaries.  As indicated in the 


mixing analysis included in the 1996 Facility Plan, this occurrence would suggest a good diffuser design resulting 


in rapid mixing between ports.  Table 9 below summarizes the results of the model (see also Attachment 3).  


With the exception of ammonia, the largest action area estimated using this approach is set by the downstream 


distance for zinc.  The dilution model is not well-suited to predicting far-field ammonia concentrations, but for 


the purposes of sizing an action area, it is (incorrectly) assumed that ammonia is a conservative parameter.  In 


fact, some of the ammonia will be transformed and removed after discharge due to nitrification.  The modified 


Fischer model does not account for nitrification and consequently overstates the ammonia levels present in the 


River.  Nevertheless, assuming ammonia is conservative and that background ammonia is zero (thus isolating the 


effluent plume to look at the facility contribution only), the downstream distance of approximately 1.2 miles is 


the point at which the effluent concentration dilutes to within 5% of known upstream ammonia concentrations.  


All other modeled parameters fall within this range.  The action area is therefore defined as the Puyallup River 


from 100 ft above the discharge point, which is the upstream portion of the regulatory mixing zone, to a point 


1.2 miles downstream (Table 9).    


 
TABLE 9. MODEL RESULTS OF DILUTION FACTORS REQUIRED TO REACH 5% ABOVE BACKGROUND 


CONCENTRATIONS  


 


Arsenic 1.29 < 1


Cadmium 7.41 < 1


Chromium 9.89 < 2


Copper 18.25 < 6


Lead 13.09 < 3


Mercury 2.36 < 4


Nickel 5.22 < 1


Selenium 2.10 < 1


Silver 7.59 < 1


Zinc 22.98 302


Ammonia 220.24 1.2 miles


Dilution of Effluent Only
Distance at Which 


Adjusted 


Background 


Concentration 


Achieved (ft)


Parameter Dilution 


Factor 


(necessary to 


approach 5% 


of 


background)


Non-conservative parameters:


Conservative parameters:
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2.3.1 ACTION AREA FOR SOUTHERN RESIDENT KILLER WHALES 


Although southern resident killer whales (SRKWs) are not present in the action area described above, the NMFS’ 


Office of Protected Resources requested that EPA include an analysis of this species and concomitantly 


designate an action area.  According to NMFS, although ESA-listed marine mammals are not in the immediate 


area involved in the action (in the river), the proposed NPDES permit may affect the listed Southern Residents 


through indirect effects from the reduction of prey quantity and quality.  To assess the effect of the proposed 


action on the Southern Resident killer whales Distinct Population Segment (DPS), NMFS considers the 


geographic area of overlap in the marine distribution of Chinook salmon affected by the action, and the range of 


Southern Resident killer whales.  The marine range of the salmonids overlaps with the core area of the whales’ 


range in the inland marine waters from the southern Strait of Georgia (below Vancouver and Nanaimo B.C.) to 


southern Puget Sound and the Strait of Juan de Fuca” (Theresa Mongillo, NMFS in Litt. November, 2011).  


Therefore, the action area considered for the SRKW includes the area where they may encounter Chinook that 


have moved through the Puyallup WWTP effluent plume.  Because EPA cannot predict the where the whales 


may encounter these particular fish we have assumed that the action area for SRKWs includes the entire Puget 


Sound.   


3.0 STATUS OF SPECIES AND CRITICAL HABITAT  


3.1 SPECIES LIST 


In a phone call on March 26, 2009, Andrea LaTier with the USFWS identified bull trout (Salvelinus confluentus) as 


threatened and confirmed that the bald eagle (Haliaeetus leucocephalus) had been delisted since the previous 


biological evaluation.  In a phone call on March 31, 2009, Dan Guy with NMFS identified Chinook salmon 


(Oncorhynchus tshawytscha) and Puget Sound steelhead (O. mykiss) as threatened species that would need to 


be considered in future biological evaluations for this discharge.  Neither agency identified any proposed or 


candidate species.  In an email on November 23, 2011 Theresa Mongillo with NMFS Office of Protected 


Resources requested that EPA include an analysis of indirect effects to the SRKW even though this species in not 


within the action area.   


The following ESA-listed species are present in the vicinity of the discharge.   


Listed Threatened: 


 Puget Sound Chinook salmon (O. tshawytscha) 


 Puget Sound steelhead (O. mykiss) 


 Bull trout (S. confluentus)   


Listed Endangered: 


 Southern Resident Killer Whale (Orcinus orca) 
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3.1.1 PUGET SOUND CHINOOK SALMON  


3.1.1.1  STATUS AND DISTRIBUTION 


The Puget Sound Evolutionarily Significant Unit (ESU) of Chinook salmon was listed as threatened on March 24, 


1999 (64 FR 14308).  The boundaries of this salmon ESU correspond with the Puget Lowland Ecoregion.  This ESU 


encompasses all runs of Chinook salmon in the Puget Sound region from the North Fork Nooksack River to the 


Elwha River on the Olympic Peninsula.  Hatchery fish are known to spawn in the wild in the Elwha and 


Dungeness river basins and are not considered discrete stocks from the wild fish (Washington Department of 


Fish and Wildlife 1994, 1992). 


3.1.1.2  LIFE HISTORY 


Puget Sound Chinook salmon spawn and rear in the mainstem of rivers and larger streams (Healey 1991).  


Chinook salmon in this area all exhibit an ocean-type life history where adults return to freshwater with 


developed gonads and migrate a relatively short distance in freshwater before reaching their spawning grounds.  


Although the incubation period is determined by water temperatures, fry typically hatch in about eight weeks 


(Wydoski 1979), (Healey 1991).  After emergence, Puget Sound juvenile Chinook salmon migrate to the marine 


environment during their first year.  Although some spring-run Chinook salmon populations in the Puget Sound 


ESU have a high proportion of yearling smolt emigrants, the proportion varies substantially from year to year 


and appears to be environmentally mediated rather than genetically determined.  Puget Sound stocks all tend to 


mature at 3 to 4 years old and exhibit similar, coastally-oriented, ocean migration patterns (Myers 1998). 


Rearing and development to adulthood occurs primarily in estuarine and coastal waters (Myers 1998).  The 


amount of time juvenile Chinook spend in estuarine areas depends upon their size at downstream migration and 


rate of growth.  While residing in upper estuaries, juvenile prey mainly on benthic and epibenthic organisms, 


such as amphipods, mysids, and crustaceans. Juveniles typically move into deeper waters when they reach 


approximately 65-75 mm in fork length.  As the juveniles grow and move to deeper waters with higher salinities, 


their main prey changes to pelagic organisms such as decapod larvae, larval and juvenile fish, drift insects, and 


euphausids (Simenstad 1982). 


3.1.1.3 Critical Habitat 


Critical habitat was initially designated for Puget Sound Chinook on February 16, 2000 (65 FR 7764) and was 


revised on September 2, 2005 (70 FR 52630).  Critical habitat consists of the water, substrate, and the adjacent 


riparian zone of accessible estuarine and riverine reaches.  The February 2000 critical-habitat designation 


included Puget Sound marine areas, including the south Sound, Hood Canal, and north Sound to the 


international boundary at the outer extent of the Strait of Georgia, Haro Strait, and the Strait of Juan de Fuca to 


a straight line extending north from the west end of Freshwater Bay, inclusive.  The revised critical habitat has 


added 12 miles of occupied habitat areas of the Middle Fork Nooksack, 47 miles of the South Fork Stillaguamish 


and 12 miles of the Cedar River.  Six miles of the unoccupied stream reaches of the Lower Snoqualmie River and 


tributaries of Lake Washington were excluded.  The Marine Nearshore Zone from extreme high tide to mean 


lower low tide within several Navy restricted zones has also been included in the final habitat designation.  
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The lower Puyallup River was excluded from designation as critical habitat due to Tribal ownership.  Additionally, 


the Puyallup Tribe is a co-manager of salmon and has been actively involved in habitat restoration and 


development of recovery plans for all salmon species (75 FR 63899).    


 


 
 


FIGURE 2.  LOWER PUYALLUP ACTION AREA  


3.1.1.4  PRESENCE IN THE ACTION AREA 


The most likely use of the portion of the Puyallup River that is influenced by the Puyallup WWTP outfall is by 


migrating adult Chinook and by juveniles and subadults foraging in this area.  The outfall is located in an area 


that, due to extensive channelization of the mainstem reach of the Puyallup River, serves as a transportation 


corridor with little spawning and rearing habitat available (Kerwin 1999).   


 The Puyallup Tribe conducted a residence time study for Chinook in the lower Puyallup River in 2004.  The 


purpose of the study was to quantify residence time of salmonids (primarily Chinook) in the lower river to collect 


data to assist with the development of NPDES permit limits and mixing zone determinations.  Additionally, they 


also collected morphometric data for the determination of growth rates.  The Puyallup Tribe collected data on 


out-migrating juveniles during a seven week period in the spring and summer from May to July.  The data were 


used to calculate both maximum individual and mean residence times.  Results showed that juvenile Chinook 
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demonstrated a maximum individual residence time of at least and at times greater than 33 days (two 


individuals).  Additionally, they found that a number of juvenile Chinook were rearing in a location below the 


screw trap and that these fish were remaining for two to three weeks.  Finally, the calculation of mean residence 


time, correcting for varying recapture effort, in the lower Puyallup River was 7.4 days (Grette and Associates 


2004).  


3.1.1.5  REASONS FOR DECLINE 


The abundance of Chinook salmon in this ESU has declined compared to historic levels.  The reasons for the 


decline include widespread stream blockages which have reduced available spawning habitat.  Furthermore, and 


release of hatchery fish from limited stocks has increased the risks of loss of genetic diversity and fitness of 


natural populations.  In addition, the large number of hatchery releases masks natural population trends and 


makes it difficult to determine the sustainability of the natural populations.  Forestry practices, farming and 


urbanization have also blocked or degraded fresh water habitat (Myers 1998).  


3.1.1.6  RESEARCH AND RECOVERY 


The NMFS announced the adoption of the Recovery Plan for the Puget Sound Chinook Salmon ESU in the Federal 


Register (FR) on January 19, 2007.  The Recovery Plan consists of two documents: the Puget Sound Salmon 


Recovery Plan prepared by the Shared Strategy for Puget Sound (2007) and NMFS’ Final Supplement (NOAA 


2006) to the Shared Strategy Plan.  The Recovery Plan recognizes that recovery actions must be implemented at 


both the regional and watershed levels, and it proposes both types of site specific actions.  Watershed-level 


actions are detailed in the individual watershed plans contained in Volume II of the Shared Strategy Plan, and 


regional actions are described in Volume I.  The Recovery Plan states that recovery will depend on integrating 


actions that address habitat (including hydropower effects), harvest, and hatchery operations.  The Shared 


Strategy Plan provides cost estimates to carry out specific recovery actions for the first 10 years of plan 


implementation, as well as cost estimates for programs that span multiple watersheds: hatchery improvements, 


nearshore and marine habitat protection and restoration, and incentive programs for habitat restoration and 


conservation on farm and small forest lands.2 


3.1.2 STEELHEAD TROUT
3 


3.1.2.1  STATUS AND DISTRIBUTION 


The steelhead trout’s Puget Sound DPS was listed as threatened on May 11, 2007 (72 FR 26722).  This DPS 


includes all naturally spawned anadromous winter-run and summer-run steelhead populations, in streams in the 


                                                           


2 NOAA-NMFS, Puget Sound Salmon Recovery Plan, 19 January 2007, < http://www.nwr.noaa.gov/Salmon-


Recovery-Planning/Recovery-Domains/Puget-Sound/PS-Chinook-Plan.cfm >, (accessed 27 January 2010). 


3 NOAA Fisheries Office of Protected Resources, 


<http://www.nmfs.noaa.gov/pr/species/fish/steelheadtrout.htm >; also: “Updated Status of Federally Listed 


ESUs of West Coast Salmon and Steelhead,” June 2005, NMFS-NWFSC-66, < 


http://www.nwr.noaa.gov/Publications/Biological-Status-Reviews/upload/SR2005-allspecies.pdf >, (accessed 27 


January 2010). 



http://www.nmfs.noaa.gov/pr/species/fish/steelheadtrout.htm





18 
 


river basins of the Strait of Juan de Fuca, Puget Sound, and Hood Canal, Washington, bounded to the west by 


the Elwha River (inclusive) and to the north by the Nooksack River and Dakota Creek (inclusive), as well as the 


Green River natural and Hamma Hamma winter-run steelhead hatchery stocks.  


3.1.2.2  LIFE HISTORY 


Steelhead exhibit complex life histories.  They may exhibit anadromy, where adults migrate from a marine 


environment into the freshwater streams and rivers of their birth in order to mate.  Those exhibiting this 


anadromous life history form are termed ‘steelhead’.  Unlike other Pacific salmonids, anadromous steelhead can 


spawn more than one time.  They can also exhibit a resident life history where all life history phases occur in 


freshwater.  Resident forms are usually referred to as rainbow or redband trout. 


Steelhead typically migrate to marine waters after spending 2 years in freshwater.  They then reside in marine 


waters for 2 to 3 years prior to returning to their natal stream to spawn as 4- or 5-year-olds.  In the marine 


environment, steelhead may migrate to the high seas but may also spend considerable time as juveniles or 


adults in the protected marine environment of the Puget Sound.  Depending on water temperature, steelhead 


eggs may incubate in redds for 1.5 to 4 months before hatching as alevins (larval stage dependent on yolk sac as 


food).  Following yolk sac absorption, alevins emerge from the gravel as young juveniles (fry) and begin actively 


feeding.  Juveniles rear in freshwater from 1 to 4 years, then migrate to the ocean as smolts. 


Biologically, steelhead can be divided into two reproductive ecotypes based on their state of sexual maturity at 


the time of river entry and the duration of their spawning migration.  These two ecotypes are termed stream 


maturing and ocean maturing.  Stream maturing steelhead return to freshwater in a sexually immature 


condition and require several months to mature before spawning.  Ocean maturing steelhead enter freshwater 


with well-developed gonads and spawn shortly after river entry.  These two reproductive ecotypes are more 


commonly referred to by their season of freshwater entry (e.g., summer and winter steelhead).  The stream-


maturing type (summer-run steelhead in the Pacific Northwest) enters freshwater in a sexually immature 


condition between May and October and ocean-maturing type (winter-run steelhead in the Pacific Northwest) 


enters freshwater between November and April.  Winter-run steelheads are the dominant steelhead form in 


coastal streams.  The Puget Sound ESU is primarily composed of winter steelhead but includes several stocks of 


summer steelhead, usually in subbassins of large river systems and above seasonal hydrologic barriers.  Juveniles 


feed primarily on zooplankton. Adults feed on aquatic and terrestrial insects, mollusks, crustaceans, fish eggs, 


minnows, and other small fishes (including other trout). 


Two major genetic groups or subspecies of steelhead occur on the west coast of the United States: a coastal 


group and an inland group, separated on the Fraser and Columbia River Basins by the Cascade crest.  


Historically, steelhead likely inhabited most coastal streams in Washington, Oregon, and California, as well as 


many inland streams in these states and Idaho.  However, during the 20th century, over 23 indigenous, naturally 


reproducing stocks of steelhead are believed to have been extirpated, and many more are thought to be in 


decline in numerous coastal and inland streams. 


3.1.2.3 CRITICAL HABITAT 


Critical habitat is currently being developed for the Puget Sound steelhead DPS but has not yet been designated.    







19 
 


3.1.2.4  PRESENCE IN THE ACTION AREA 


The winter steelhead native stocks in the Puyallup River are considered healthy according to the Salmon and 


Steelhead Stock Inventory.  The most likely use of the portion of the Puyallup River that is influenced by the 


Puyallup WWTP outfall is by adults migrating and by juveniles and subadults that are foraging in this area.  The 


outfall is located in an area that, due to extensive channelization of the mainstem reach of the Puyallup River, 


serves as a transportation corridor with little spawning and rearing habitat available (Kerwin 1999).   


3.1.2.5  REASONS FOR DECLINE 


Salmonid species on the west coast of the United States have experienced dramatic declines in abundance 


during the past several decades as a result of human-induced and natural factors.  As with the Chinook salmon, 


declines in steelhead population levels in the last century are attributed to the modification of stream flow 


regimes, withdrawal of water from streams, pollution from mining, agriculture, logging, urban development, 


recreation, increased temperatures in streams, reduced spawning habitat, obstructions to upstream and 


downstream migration, overfishing, climatic change, and competition and interbreeding with hatchery fish.  


Habitat utilization by steelhead has been most dramatically affected by a number of large dams in basins to 


Puget Sound. In addition to eliminating accessibility to habitat, dams affect habitat quality through changes in 


river hydrology, temperature profile, downstream gravel recruitment, and the movement of large woody debris. 


Many of the lower reaches of rivers and their tributaries in Puget Sound have been dramatically altered by 


urban development.  Urbanization and suburbanization have resulted in the loss of historical land cover in 


exchange for large areas of imperious surface.  The loss of wetland and riparian habitat has dramatically 


changed the hydrology of many urban streams, with increases in flood frequency and peak flow during storm 


events and decreases in groundwater driven summer flows.  Flood events result in gravel scour, bank erosion, 


and sediment deposition.  Land development for agricultural purposes has also altered the historical land cover; 


however, because much of this development took place in river floodplains, there has been a direct impact on 


river morphology. 


3.1.2.6  RESEARCH AND RECOVERY 


Recovery plans are being developed for 17 Pacific salmon and steelhead ESUs listed in Washington, Oregon and 


Idaho by NOAA (National Oceanic and Atmospheric Administration 2007).  The Washington Department of Fish 


and Wildlife (WDFW) has also developed a Statewide Steelhead Management Plan4 (Plan), based on the WDFW 


science paper “Oncorhynchus mykiss: Assessment of Washington State’s Anadromous Populations and 


Programs” (WDFW 2008), which provided several findings and recommendations to rebuild Washington’s wild 


steelhead stocks.  The Plan provides guidelines for department managers to collaborate with Tribal co-managers 


and other interested parties, including watershed and regional groups, in the development of watershed and 


regional management plans (RMPs).  These RMPs will identify the long-term goals, benchmarks for 


modifications to management actions, escapement objectives, and the expected trajectory for the diversity, 


spatial structure, productivity, and abundance of each wild stock within its management area.  It has been noted 


                                                           


4 Washington Department of Fish and Wildlife, Statewide Steelhead Management Plan, 


<http://wdfw.wa.gov/fish/steelhead/management_plan.htm>, (accessed 27 January 2010). 
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that returns of wild steelhead have increased to a number of rivers in the Puget Sound area in recent years.5    


Finally, there is a is a collaborative effort called the ‘Shared Strategy coalition’ that formed in Washington State 


in the interest of developing a workable recovery plan targeting steelhead and salmon in the State.   


3.1.3 BULL TROUT 


3.1.3.1  STATUS AND DISTRIBUTION 


The coastal/Puget Sound (PS) bull trout DPS encompasses all Pacific coast drainages north of the Columbia River 


within Washington, including Puget Sound and Olympic Peninsula (50 FR Part 17).  This DPS was designated as 


threatened on June 10, 1998 (63 FR 31693).  This DPS is comprised of 34 populations which are segregated from 


other DPS by the Pacific Ocean and the Cascade Mountains.  Within this area, bull trout often occur with Dolly 


Varden (S. malma malma) is another native char species extremely similar in appearance to bull trout but 


distinct genetically.  Because these species are virtually indistinguishable, USFWS currently manages them 


together as “native char.”  The Puget Sound DPS is significant because it is thought to contain the only 


anadromous forms of bull trout in the coterminous United States (64 FR 58910). 


The coastal bull trout subpopulations occur in five river basins: Chehalis River, Grays Harbor, Coastal Plains, 


Quinault River, Queets River, Hoh River, and Quillayute River.  While most of the northwest coast 


subpopulations occur within Olympic National Park with relatively undisturbed habitats, subpopulations in the 


southwestern coastal area are in relatively low abundance.  


3.1.3.2  LIFE HISTORY 


The following description of bull trout life history is from the USFWS Bull Trout Recovery Plan (USFWS 20046).  


Bull trout exhibit both resident and migratory life history strategies.  Both resident and migratory forms may be 


found together, and either form may produce offspring exhibiting either resident or migratory behavior.  


Resident bull trout complete their entire life cycle in the tributary (or nearby) streams in which they spawn and 


rear.  The resident form tends to be smaller than the migratory form at maturity and also produces fewer eggs. 


Migratory bull trout spawn in tributary streams and  juveniles rear one to four years before migrating to either a 


lake (adfluvial form), river (fluvial form), or saltwater (anadromous form) to rear as subadults or to live as adults.   


Bull trout normally reach sexual maturity in four to seven years and may live longer than 12 years.  They are 


iteroparous (i.e. able spawn more than once in a lifetime).  Bull trout typically spawn from August to November 


during periods of decreasing water temperatures.  Preferred spawning habitat consists of low gradient stream 


reaches with loose, clean gravel.  Fry normally emerge from early April through May.  Migratory forms of bull 


trout appear to develop when habitat conditions allow movement between spawning and rearing streams and 


larger rivers or lakes where foraging opportunities may be enhanced.  The migratory life history is beneficial to 


                                                           


5 Washington Department of Fish and Wildlife, Director’s Statement on Puget Sound Steelhead Listing under the 


Federal Endangered Species Act, 7 May 2007, <http://wdfw.wa.gov/do/newreal/release.php?id=may0707a>, 


(accessed 27 January 2010). 


6 http://ecos.fws.gov/docs/recovery_plan/040701c.pdf). 
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the long-term survival of bull trout populations as it allows for greater growth in the more productive waters of 


larger streams and lakes.  Larger more mobile fish have a greater fecundity resulting in increased reproductive 


potential, and dispersing the population across space and time so that spawning streams may be re-colonized 


should local populations suffer a catastrophic loss.   


Growth varies depending upon life-history strategy. Resident adults range from 150 to 300 millimeters (6 to 12 


inches) total length, and migratory adults commonly reach 600 millimeters (24 inches) or more.  Bull trout are 


opportunistic feeders, with food habits primarily a function of size and life-history strategy.  Resident and 


juvenile migratory bull trout prey on terrestrial and aquatic insects, macrozooplankton, and small fish.  Adult 


migratory bull trout feed on various fish species.  In coastal areas of western Washington, bull trout feed on 


Pacific herring (Clupea pallasi), Pacific sand lance (Ammodytes hexapterus), and surf smelt (Hypomesus 


pretiosus) in the ocean.  


Migratory bull trout begin growing rapidly once they move to waters with abundant forage that includes fish.  As 


they mature and increase in body mass, bull trout are able to travel greater distances in search of prey species of 


larger size and in greater abundance.  Migration allows bull trout to access optimal foraging areas and exploit a 


wider variety of prey resources.  In the Skagit River system, anadromous bull trout make migrations as long as 


121 miles between marine foraging areas in Puget Sound and headwater spawning grounds.  Anadromous bull 


trout also use marine waters as migratory corridors to reach seasonal habitats in non-natal watersheds to forage 


and possibly overwinter. 


Freshwater habitat components that influence bull trout distribution and abundance include water 


temperature, cover, channel form and stability, valley form, spawning and rearing substrate, and migratory 


corridors.  Cold water temperatures play an important role in determining bull trout habitat, as these fish are 


primarily found in colder streams (< 15 °C), and spawning habitats are generally characterized by temperatures 


that drop below 9 °C.  Thermal requirements for bull trout appear to differ at different life stages.  Spawning 


areas are often associated with cold-water springs, groundwater infiltration, and the coldest streams in a given 


watershed.  Optimum incubation temperatures for bull trout eggs range from 2 to 4 °C whereas optimum water 


temperatures for rearing range from about 8 to 10 °C.  Although bull trout are found primarily in cold streams, 


occasionally these fish are found in larger, warmer river systems throughout the Columbia River basin).  Factors 


that can influence bull trout ability to survive in warmer rivers include availability and proximity of cold water 


refugia and food productivity.  All freshwater life history stages of bull trout are associated with complex forms 


of cover, including large woody debris, undercut banks, boulders, and maintaining bull trout habitat requires 


stability of stream channels and maintenance of natural flow patterns.  Juvenile and adult bull trout frequently 


inhabit side channels, stream margins, and pools with suitable cover.   


3.1.3.3  CRITICAL HABITAT 


Critical habitat was designated for Puget Sound bull trout on September 26, 2005 (70 FR 56213).  The 


designation for Puget Sound bull trout critical habitat includes a total of 388 miles of streams in the Olympic 


Peninsula and 646 miles of streams in Puget Sound as well as 419 shoreline miles in the Olympic Peninsula 


marine areas and 566 shoreline miles in the Puget Sound marine areas.  The lower Puyallup River was excluded 


from designation as critical habitat due to Tribal ownership and the fact that the Puyallup Tribe is a co-manager 
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of salmon and the tribes have been actively involved in habitat restoration and developing recovery plans for all 


salmon species(USFWS 2010).    


3.1.3.4  PRESENCE IN THE ACTION AREA 


Use by bull trout in the action area would be by adults migrating through this reach for foraging.  The Puyallup 


WWTP outfall is located in an area that, due to extensive channelization of the mainstem reach of the Puyallup 


River, serves as a transportation corridor with little spawning and rearing habitat available (Kerwin 1999).   


3.1.3.5  REASONS FOR DECLINE 


The Coastal-Puget Sound bull trout are vulnerable to hybridization and competition with non-native brook trout, 


brown trout and lake trout, degradation of spawning and rearing habitat, and isolation of local populations from 


dams, diversions (67 FR 71240) and road crossing structures.  


Due to their need for very cold waters and long incubation time, bull trout are more sensitive to increased water 


temperatures, poor water quality and degraded stream habitat than many other salmonids.  In many areas, 


continued survival of the species is threatened by a combination of factors rather than one major problem.  For 


example, past and continuing land management activities have degraded stream habitat, especially along larger 


river systems and streams located in valley bottoms.  Degraded conditions have severely reduced or eliminated 


migratory bull trout as water temperature, stream flow and other water quality parameters fall below the range 


of conditions which these fish can tolerate.  In many watersheds, remaining bull trout populations consist of 


smaller, resident fish that are isolated in headwater streams.  Brook trout (S. fontinalis), introduced throughout 


much of the range of bull trout, easily hybridize with them, producing sterile offspring.  Brook trout also 


reproduce earlier and at a higher rate than bull trout so bull trout populations are often supplanted by these 


non-natives. 


Dams and other in-stream structures affect bull trout by blocking migration routes, altering water temperatures, 


and causing mortality as they attempt to pass through and over dams or are trapped in irrigation and other 


diversion structures.  The iteroparous (multiple spawning) as well as migratory nature of bull trout has 


important repercussions for the management of this species.  Bull trout require two-way passage up and 


downstream, not only for repeat spawning but also for foraging. Most fish ladders, however, were designed 


specifically for upstream passage of anadromous semelparous (single spawning) salmonids.  Therefore even 


dams or other barriers with fish passage facilities may be a factor in isolating bull trout populations if they do 


not provide a downstream passage route.  


Altered stream flow in the fall may disrupt bull trout during the spawning period, and channel instability may 


decrease survival of eggs and young juveniles in the gravel from winter through spring.  Increases in fine 


sediment reduce egg survival and emergence. 


3.1.3.6  RESEARCH AND RECOVERY 


The USFWS recovery plan for the coastal-Puget Sound bull trout DPS (USFWS 2004) includes the following 


recommendations for recovering bull trout: 


 Protect, restore, and maintain suitable habitat conditions for bull trout. 


 Prevent and reduce negative effects of nonnative fishes and other nonnative taxa on bull trout. 
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 Establish fisheries management goals and objectives for compatibility with bull trout recovery, and 


implement practices to achieve goals. 


 Characterize, conserve, and monitor genetic diversity and gene flow among local populations of bull 


trout. 


 Conduct research and monitoring to implement and evaluate bull trout recovery activities, consistent 


with an adaptive management approach using feedback from implemented, site-specific recovery tasks. 


 Use all available conservation programs and regulations to protect and conserve bull trout and bull trout 


habitat. 


 Assess the implementation of bull trout recovery by management units and revise management unit 


plans based on evaluations. 


Research needs identified in the plan include the need to acquire more complete information on bull trout use 


of and distribution in estuarine and marine waters of Puget Sound. 


3.1.4 SOUTHERN RESIDENT KILLER WHALE 


3.1.4.1. STATUS AND DISTRIBUTION 


The Southern Resident killer whale (SRKW) has been designated as endangered throughout their entire range 


under the ESA on November 18, 2005 (70 FR 69903).  In March, 2011 a five-year ESA review determined no 


change was needed in the listing status.  The SRKW spends several months, from late spring to fall each year, in 


the Washington State Puget Sound waterways, including the Strait of Juan de Fuca, and the southern Strait of 


Georgia7.  The three pods that make up this distinct population unit, termed the J, K, and L pods, also roam the 


coastal waters off the west coast from Oregon to British Columbia. 


3.1.4.2  LIFE HISTORY 


Killer whales are the most widely distributed cetacean species in the world.  Killer whales have a distinctive color 


pattern, with black dorsal and white ventral portions.  They also have a white patch above and behind the eye 


and a gray or white saddle behind the dorsal fin.  Adult males can reach up to 32 feet in length and can weigh 


nearly 22,000 lbs; females can reach 28 feet in length and can weigh up to 16,500 lbs.  Non-captive females live 


approximately 50 years, but may live to 80-90 years.  Male killer whales usually live for about 30 years, but it is 


estimated they can live up to 50-60 years.   


In females sexual maturity is reached when they grow to approximately 15-18 feet in length, depending on the 


geographic location.  The gestation period for killer whales varies from 15-18 months, and birth may occur in any 


                                                           


7 NOAA-NMFS, Endangered Species Act Status of Puget Sound Killer Whales, November 22, 2011, 


<http://www.nwr.noaa.gov/marine-mammals/whales-dolphins-porpoise/killer-whales/esa-status/ >, (accessed 


January 24, 2012). 



http://www.nwr.noaa.gov/marine-mammals/whales-dolphins-porpoise/killer-whales/esa-status/
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month.  Calves nurse for at least one year, and wean between one and two years of age.  Females give birth 


approximately every 5 years for an average of 25 years8.  At birth, calves are about 8 feet in length9 


The diet of killer whales can be specific to geography or population.  In the eastern North Pacific, resident killer 


whale populations feed mainly on salmonids including Chinook and chum salmon, while transient whale 


populations feed more on marine mammals, including Dall’s porpoises (Phocoenoices dalli), Pacific white-sided 


dolphins (Lagenorhynchus obliquidens), California sea lions (Zalophus californianus), Steller sea lions 


(Eumetopias jubatus), harbor seals (Phoca vitulina), sea otters (Enhydra lutris), and baleen whales (Mysticeti).   


Killer whales usually occur in pods of up to 40-50 animals, with the exception of some single males.  Differences 


in spatial distribution, abundance, behavior, and availability of food resources probably account for the variation 


in group size for whale populations.  Killer whales are highly social animals and depend heavily on underwater 


sound for orientation, feeding and communication.  Killer whales of different populations demonstrate specific 


vocalization types10.   


3.1.4.3  CRITICAL HABITAT 


Critical habitat for the Southern Resident killer whale was designated on December 29, 2006.  Approximately 


2,560 square miles of marine habitat within the area occupied by SRKW in Washington was designated as critical 


habitat in waters no shallower than 20 feet.  Three areas are encompassed in the critical habitat and include, (1) 


the Summer Core Area in Haro Strait and waters around the San Juan Islands; (2) Puget Sound; and (3) the Strait 


of Juan de Fuca (71 FR 69054).   


3.1.4.4  PRESENCE IN ACTION AREA 


This species is not present in the action area; nonetheless, as requested by NMFS Office of Protected Resources 


(T. Mongillo in Litt. November, 2011), the indirect effects of the proposed action will be evaluated for the SRKW.  


3.1.4.5  REASONS FOR DECLINE 


Beginning around 1967 an estimated 47 whales were removed using live-capture fishery for public marine parks.  


The population fell approximately 30 percent to about 67 whales by 1971.  Although reasons for recently 


declining Southern Resident populations are largely unknown, it is predicted that a there are a limited number 


of reproductive-aged males present, and several females of reproductive age are not having calves11.  


                                                           


8 NOAA Fisheries Office of Protected Resources, Killer Whale (Orcinus orca), September 23, 2011, 


<http://www.nmfs.noaa.gov/pr/species/mammals/cetaceans/killerwhale.htm,  >, (accessed January 24, 2012). 


9 USFWS, Species Profile Killer Whale (Orcinus orca), January 24, 2012, 


<http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A0IL > (accessed January 24, 2012) 


10 NOAA Fisheries Office of Protected Resources, Killer Whale (Orcinus orca), September 23, 2011, 


<http://www.nmfs.noaa.gov/pr/species/mammals/cetaceans/killerwhale.htm,  >, (accessed January 24, 2012). 


11 NOAA, NW Regional Office, NOAA’s National Marine Fisheries Service, Endangered Species Act Status of Puget 


Sound Killer Whales. Updated  



http://www.nmfs.noaa.gov/pr/species/mammals/cetaceans/killerwhale.htm

http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=A0IL%20

http://www.nmfs.noaa.gov/pr/species/mammals/cetaceans/killerwhale.htm
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Possibilities contributing to the decline include: reduced quantity and quality of prey; persistent pollutants that 


could cause immune or reproductive system dysfunction; oil spills, and noise and disturbance from vessels12. 


3.1.4.6  RESEARCH AND RECOVERY 


Although there is uncertainty over which threats are most important to address for SRKW recovery, actions in 


the species recovery plan address the following topics: support salmon restoration efforts to increase prey 


availability, minimize pollutants and contaminants harmful to killer whales, prevent and improve oil spill 


response, minimize anthropogenic sound impacts, enhance public awareness, improve response to sick, 


stranded, injured whales, and conduct research to facilitate and enhance conservation efforts13.  


3.2 BIOLOGICAL REQUIREMENTS IN THE ACTION AREA 


The biological requirements of the action area related to listed species are those physical or biological features 


that are essential to conservation of the species.  An accurate description of these features is best derived from 


the Services regulations for listed species and designated critical habitat which states that the agencies must 


consider those physical and biological features that are essential to the conservation of a given species (FR 


vol.71, no.229, 69060).  The lower Puyallup River has been excluded from critical habitat designation because of 


Tribal ownership.  Therefore, the biological requirements of the species center on the lower River serving as a 


migratory corridor for adults and juveniles as well as providing foraging, rearing and overwintering habitat.  


4.0 ENVIRONMENTAL BASELINE  
Most of the Puyallup River basin is at an elevation between 1,000 and 4,000 feet.  At this elevation, a great 


amount of water runoff is created because of high amounts of both rain and snow.  Flooding of the basin is 


typical in winter and spring months.  The introduction of industry and agriculture has lead to dikes, an extensive 


levee system, and a number of dams being put in many places to minimize the flooding.  These have heavily 


limited salmon spawning and rearing in the river due to lost access to spawning habitat or the degradation 


thereof14.  Channelization and levees have also reduced pools and side channels, important habitat features to 


salmon15.  As of 1999 “over 357 culverts have been identified and approximately 70 percent and 40 percent 


                                                           


12 NOAA-NMFS, Endangered Species Act Status of Puget Sound Killer Whales, November 22, 2011, 


<http://www.nwr.noaa.gov/marine-mammals/whales-dolphins-porpoise/killer-whales/esa-status/ >, (accessed 


January 24, 2012). 


13 NOAA-NMFS, Recovery Plan for Southern Resident Killer Whales (Orcinus orca), January 17, 2008, 
<http://www.nwr.noaa.gov/Marine-Mammals/Whales-Dolphins-Porpoise/Killer-Whales/ESA-
Status/upload/SRKW-Recov-Plan.pdf > , (accessed January 24, 2012). 


 


14 NOAA, Puget Sound Salmon Recovery Plan, Chapter 5 Watershed Profile: Puyallup/ White Basin, 272, 283,  


 



http://www.nwr.noaa.gov/marine-mammals/whales-dolphins-porpoise/killer-whales/esa-status/
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were partial and complete barriers, respectively, to upstream and downstream salmon migration15.  The 


mainstem of the River is encompassed by a series of dikes, revetments and levees on both banks from River Mile 


(RM) 28.6 to the mouth, eliminating channel migration and the development of braided side and off-channel 


habitat (Kerwin 1999) limiting factors report for Water Resource Inventory Area 10).    


These structures have effectively diminished the rearing habitat available for migrating and non-migrating 


salmon (Kerwin 1999).  The reduction in habitat and modification of water velocity and flow from channelization 


has decreased the suitability of the lower Puyallup for all salmonids, making it particularly difficult for juveniles 


to maintain position and increasing their energy demands (Kerwin 1999).  


Further development and population growth of the area has also meant a significantly altered landscape and an 


expansion of impervious surface which increase the amount and rate that runoff reaches the river.  Industrial 


and commercial activities and agriculture have impact water quality14.  Instream minimum flows established at 


the lower Puyallup River gauge are 1,000 cfs and 500 cfs at the upper Puyallup River gauge.  Between 1980 and 


1993, instream flows were not met at the lower Puyallup River gauge an average of 35 days annually15.  A 


reduced flow in the river leads to degraded habitat quality and quantity and decreased suitability for 


salmonids15.  Major water quality problems in the lower Puyallup River include fecal coliform bacteria and high 


water temperatures.  Other problems have included low dissolved oxygen, high ammonia and residual chlorine. 


Dissolved copper, lead, zinc, mercury and nutrients have also been reported.  High water temperature, which is 


harmful to fish and other aquatic animals, insects, and plants, is likely a result of degraded riparian habitat 


quality16.   


The riparian habitat along the lower Puyallup River is fragmented and disconnected to the degree that only 


5percent of it is rated “high quality”15.  A lack of a functioning riparian habitat is believed to be a limiting factor 


to the production of salmonids14 15. 


4.1 DESCRIPTION OF ENVIRONMENTAL BASELINE  


The environmental baseline includes the past and present impacts of all Federal, state, or private actions and 


other human activities in the action area, the anticipated impacts of all proposed Federal projects in the action 


area that have already undergone formal or early ESA Section 7 consultation, and the impact of state or private 


actions which are contemporaneous with the consultation in process (50 CFR 402.02).  An environmental 


baseline that fails to meet the biological requirements of a listed species may reduce the fitness of the species 


and increase the likelihood that it may be adversely impacted by the action.  


                                                           


15 Kerwin, John, Washington Conservation Commission, Salmon Habitat Limiting Factors Report for the Puyallup 


River Basin (Water Resource Inventory Area 10), July 1999, Olympia, Washington 


 
16 Science Applications International Corporation, Shapiro Associates, Taylor Associates, in partnership with the 


Washington Dept. of Ecology, Puyallup-White Watershed Initial Assessment (Draft), May 1995. 


http://www.ecy.wa.gov/pubs/95156.pdf 



http://www.ecy.wa.gov/pubs/95156.pdf
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The environmental baseline should sustain the biological requirements including habitat features and processes 


necessary to support the life stages of bull trout and salmon within the action area.  The main-stem reach of the 


Puyallup River provides foraging, migration and overwintering habitat for bull trout (USFWS 2004). Spawning 


occurs on the upper reaches of the basin.  Therefore, for this action area, the biological requirements for bull 


trout are the habitat characteristics that support foraging, overwintering and migration.  The southern portion 


of the Puyallup River provides important habitat for spawning and rearing by local populations from the upper 


Puyallup and Mowich Rivers (USFWS 2010, pg. 184).  The lower River is essential for providing and maintaining 


connectivity between spawning and rearing habitat and freshwater and marine foraging migration and 


overwintering habitat.  


The Puyallup River supports two populations of Chinook salmon the White River Chinook and a late returning 


population that spawns in the Puyallup River and its tributaries17.  Thus, the lower Puyallup River provides a 


migration corridor for spawning adults and an emigration for juveniles Chinook making their way to the marine 


environment.  The Puyallup also supports rearing of juveniles as they travel from their spawning grounds to the 


marine nearshore. 


4.1.1 LAND USE 


In the early 1950’s at the beginning of the settlement of the Puyallup River Basin large tracts of pristine old 


growth forest were plentiful.  Intense agricultural, industrial and urban development, including construction of a 


large marine port and hydroelectric facilities powering the development has negatively altered the environment 


(NOAA 2005).    


According to the Puyallup Tribe (Marks et al., 2011) the lowest section of the River beginning at the confluence 


with the White River at RM 10.4 to Commencement Bay is constricted by levees which contribute to the lack of 


habitat complexity.  The limited amount of suitable gravel is compacted and will not support spawning.  


Steelhead spawns in the lowest part of the River, just upstream of the confluence with the White River (Marks et 


al., 2011).   


4.1.2 HABITAT 


4.1.2.1  RIPARIAN FOREST 


Outside of the Mount Rainier National Park boundary the landscape is populated by industrial forestlands in 


addition to the National Forest.  These forests contain an extensive network of forest roads as much as six lineal 


miles per square mile (Marks et al., 2011).  These undeveloped roads are contributing to the sediment load to 


the system and restricting flow and fish passage via a network of culverts.     


4.1.2.2  POOLS AND LARGE WOODY DEBRIS 


Activities such as logging and associated road building have reduced the amount of large woody debris in the 


upper watershed, which has reduced the quality and quantity of pools that provide cold water refugia for 


                                                           


17http://www.nwr.noaa.gov/Salmon-Recovery-Planning/Recovery-


Domains/PugetSound/upload/Ch5_Puyallup.pdf 
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stenothermal species.  Habitat in the lower Puyallup River has been degraded, fragmented and disconnected 


due to the high energy system which has developed due to channel straightening, shoreline hard-scaping and 


instability (NOAA 2005 Chapter 5 of the recovery plan).  At this time only 5 percent of the habitat is rated as high 


quality.    


4.1.2.3  SEDIMENTATION 


The primary feature affecting sediment transport in the Basin is the Mud Mountain Dam.  The manipulation of 


flow disrupts the natural delivery of sediment by impounding them during high flow and then discharging them 


for extended periods during low flow17.   


4.1.2.4  HYDROLOGY 


The operation of two hydroelectric dams, the Electron Dam on the Puyallup River and the Mud Mountain Dam 


on the White River influence the flows in the Basin.  A Puget Sound Energy hydrologic project directly diverts up 


to 400 cfs of water from the Puyallup River well upstream (RM 41) of the action area (Marks et al., 2011).  Flows 


have decreased over the past 20 years (Sumioka 2004; as cited in Marks et al., 2011).  The diversion of flows on 


the White and Puyallup Rivers by the dams has resulted in reduced spawning and rearing habitat.  In addition to 


a reduction in flow these facilities along with flood control structures, dikes and river channelization have all 


contributed to a reduction in fish access to off-channel habitat for resting, rearing and spawning habitat17.  


Historical and ongoing urbanization has caused an increase in impervious surface what redirects flows, modifies 


peak and base flows and restricts groundwater recharge and ultimately groundwater flow to the river.   


4.1.3 WATER QUALITY  


Data was obtained using Ecology’s EIM System, which includes data from the Puyallup River Long-term River 


Water Quality Monitoring Station #10A070.  Station #10A070 is the closest upstream long-term river monitoring 


station to the discharge location, and is located at the bridge on Meridian Street just north of the City of 


Puyallup.  The station data helped to provide a baseline, a measure of the health of the receiving environment, 


for the Puyallup WWTP discharge.  Other information about ambient water quality was obtained using Ecology’s 


303(d) mapping tool, which identified two Category 5 listings in the action area (for fecal coliform and for 


mercury), and one Category 2 listing (for dissolved oxygen).  Category 5 waters are considered polluted waters in 


need of a TMDL as established by Section 303(d) of the CWA.  Category 2 waters are waters of concern where 


there is some evidence of a water quality problem, but not enough to require a TMDL at this time. 


4.1.3.1  TURBIDITY 


Table 10, below, summarizes the turbidity levels observed in the action area according to the EIM database.  The 


turbidity data is from the period between October 1977 and September 2007.  The Puyallup Tribal water quality 


criteria for turbidity in Class A waters is 5 nephelometric turbidity unit (NTU) over background when the 


background is 50 NTU or less; or a 10 percent increase in turbidity when the background turbidity is more than 


50 NTU. 
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FIGURE 3. POINT SOURCE DISCHARGES IN THE LOWER PUYALLUP RIVER  


 


Table 10. Background turbidity level in the lower Puyallup River  


Location Parameter (units) Average 95th Percentile 


Puyallup River 


(10A070) 


NTU 51 220 


 


4.1.3.2  AMMONIA AND BOD5 


Table 11 summarizes the background ammonia concentrations observed in the action area according to the EIM 


database.  The ammonia data is from the period between January 1990 and September 2007.   


Water quality criteria for ammonia become more stringent with increasing pH and temperature.  At the pH and 


temperature observed at Ecology’s river monitoring station 10A070 during the months of May through October, 


the acute and chronic unionized ammonia criteria were determined to be 140 µg/L and 31 µg/L, respectively.  At 


the pH and temperature observed at Ecology’s river monitoring station 10A070 during the months of November 


through April, the acute and chronic unionized ammonia criteria were determined to be 85 µg/L and 19  µg/L, 
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respectively.  By comparison, the portion of total ammonia in the receiving water that is in the unionized form is 


approximately 1% of the values in Table 11. 


TABLE 11. BACKGROUND AMMONIA LEVELS  


Location Parameter (units) Average 90th Percentile 


Puyallup River 


(10A070, Nov – April) 


mg/L 0.03 0.04 


Puyallup River 


(10A070, May – Oct) 


mg/L 0.02 0.04 


 


A 1994 Ecology water quality study of the river identified the potential for future problems in meeting the 


dissolved oxygen criteria if existing NPDES facilities reached their design capacity.  As a result, Ecology 


established a seasonal preventative TMDL for ammonia and BOD5 for the Puyallup River basin and tributaries 


effective May 1 through October 3118.  Assuming it is more stringent, the WLA for this period takes precedence 


over any ammonia effluent limits derived using the pH and temperature-dependent criteria described in the 


previous paragraph.  The preventative TMDL recommended WLAs for the critical season are between May and 


October.  The WLA for BOD5 was 2,085 lbs/day, maximum weekly average.  The WLA for ammonia was 880 


lbs/day, maximum daily load. The TMDL also provided a framework for trading between the BOD5 and ammonia 


WLAs because both parameters influence dissolved oxygen. 


 Dischargers who wanted to increase the WLA for BOD5 were required to reduce the WLA for ammonia by a set 


amount.  The WLA for BOD5 was allowed to increase by 13.4 lb/day for each pound of ammonia reduction.  The 


net effect of this exchange is considered negligible.  In the case of the Puyallup WWTP, the ammonia limit was 


decreased to 792 lbs/day (max daily), while the BOD5 limits were increased to 2,179 lbs/day (mean monthly) 


and 3,268 lbs/day (mean weekly) in accordance with the TMDL guidance. 


4.1.3.3 PH 


Table 12, below, summarizes the pH observed in the action area from the EIM database.  The data is from the 


period between January 1990 and September 2007.  The Puyallup Tribe water quality standard for pH in Class A 


waters is between 6.5 and 8.5 standard units with a human-caused variation within the range of less than 0.5 


standard units. 


 


 


                                                           


18 Pelletier, G. Addendum to the 1993 Puyallup River TMDL Report (Ecology Publication #96-326). July 1994. 


http://www.ecy.wa.gov/biblio/94e36.html 



http://www.ecy.wa.gov/biblio/94e36.html
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TABLE 12. BACKGROUND PH LEVELS  


Location Parameter (units) 5th Percentile 95th Percentile 


Puyallup River 


(10A070), May – 


October 


s.u. 7.10 7.73 


Puyallup River 


(10A070), November 


– April 


s.u. 7.10 7.78 


 


4.1.3.4  DISSOLVED OXYGEN 


The dissolved oxygen water quality criteria associated with Class A water quality is 8.0 mg/L.  Table 13 and Figure 


4 summarize dissolved oxygen data from the EIM database that was available for the action area.  The data is 


from the period between November 1970 and September 2007. 


 


TABLE 13. BACKGROUND DISSOLVED OXYGEN LEVELS  


Location Parameter 


(units) 


Average 5th Percentile Minimum 


     


Puyallup River 


(10A070) 


mg/L 11.3 9.8 9.1 


 


 


 


FIGURE 4. PUYALLUP RIVER DISSOLVED OXYGEN VS. TIME (STATION 10A070)  
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The Department of Ecology is studying low dissolved oxygen levels in South Puget Sound.  The primary cause of 


the depressed oxygen is believed to be excess loading of nitrogen from both point and non-point sources.  Figure 


5 was taken from the South Puget Sound Dissolved Oxygen Study, and illustrates the annual dissolved inorganic 


nitrogen loads from rivers and wastewater treatment plants in the Puget Sound area including the total 


contribution from the Puyallup River.  Nitrogen in rivers comes from a variety of sources including septics, 


stormwater, groundwater, upstream atmospheric sources and WWTPs, other point (discharge pipe) and 


nonpoint (diffuse) sources, and natural sources19.  Although the dissolved oxygen study does not focus on the 


City of Puyallup discharge specifically, the preliminary findings of the study linking nitrogen sources to the 


chronic suppression of dissolved oxygen in South Puget Sound is driving new nutrients monitoring requirements 


across the study area in both EPA-issued and State of Washington-issued NPDES permits.  The new data may be 


used in the development of future TMDLs, and in the case of river discharges the new data would support 


further source delineation within rivers that discharge to South Puget Sound.  The new permit proposes monthly 


effluent monitoring of nitrate+nitrite, total kjeldahn nitrogen (TKN), and total phosphorus, in addition to 


ammonia monitoring already required by the previous permit. 


4.1.3.5  TEMPERATURE 


Table 14 and Figure 6 below summarize the temperatures observed in the action area.  The data is from the 


period between January 1990 and September 2007.  As described in the Fact Sheet, EPA has determined that 


there is no reasonable potential for the permitted discharge to violate water quality criteria for temperature.  


The Class A standard for temperature is 18.0 :C.  In the case of natural conditions that exceed this 


criterion, no temperature increase would be allowed which would raise the receiving water 


temperature greater than 0.3 :C. 


 


TABLE 14. BACKGROUND TEMPERATURE LEVELS  


Location Parameter (units) Average 90th Percentile 


Puyallup River (10A070, May 


- October) 


oC 12.6 15.9 


Puyallup River (10A070, 


November - April) 


oC  6.2 9.0 


 


                                                           


19 Kolosseus, Andrew. Washington State Department of Ecology. South Puget Sound Dissolved Oxygen Study - 


Key Findings on Nitrogen Sources from the Data Report. November 2008. Publication no. 08-10-099. 


<http://www.ecy.wa.gov/pubs/0810099.pdf>, (accessed 3 March 2009). 







33 
 


 
FIGURE 5.  ANNUAL NITROGEN LOADS FROM RIVER AND WWTPS (WA DOE)   


The Puyallup Tribe has been collecting background water quality data for a number of years.  The graph below 


provides the range of water temperature during the summer of 2009 which ranged from 11.7 :C to 19.8 :C.  This 


range is consistent with the water temperature data the Tribe collected in 2007, which is 12 :C to 18.6 :C.   


4.1.3.6  FECAL COLIFORM 


Table 15 below summarizes fecal coliform levels observed in the action area.  The data is from the period 


between February 1993 and September 2007.  The Puyallup Tribe’s water quality standards state that the 


geometric mean of fecal coliform bacteria may not exceed 100 colonies/100 ml and no more than 10 percent of 


the samples used to calculate the mean may exceed 200 colonies/100 ml.  Fecal coliform counts in the Puyallup 


River upstream of the City’s discharge sometimes exceed these criteria.  When the upstream water quality 


exceeds the criteria, there is no “clean” water to mix with the discharge to enable the water to meet the 


criterion downstream.  As a result, the discharge may be required to meet the criteria at the point of discharge.  


The criteria were incorporated directly into the draft permit as a monthly average limit and a requirement that 


no more than 10 percent of samples exceed 200/100 ml. 
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FIGURE 6. WATER TEMPERATURE FOR THE PUYALLUP RIVER AT MELROY BRIDGE 66TH STREET IN PUYALLUP   


 


TABLE 15.  BACKGROUND FECAL COLIFORM LEVELS  


Location Parameter (units) Geometric mean 90th Percentile 


Puyallup River (10A070) colony-forming 


units (cfu) 


55 410 


 


4.1.3.7 METALS 


The Department of Ecology’s EIM database also included metals data for the action area.  This information was 


used in reasonable potential calculations for the draft permit.  Metals detected in the effluent for which EIM 


ambient data was available are presented in Table 16 below. 


TABLE 16.  BACKGROUND METALS CONCENTRATION IN THE PUYALLUP RIVER AT STATION 10A070 (DISSOLVED 


UNLESS OTHERWISE NOTED)  


Parameter 


(µg/L) 


Average 90th Percentile Sample Dates 


Arsenic  same 0.59 10/05-8/06 


Cadmium  0.014 0.02 5/94-8/06 


Chromium  0.17 0.26 10/05-8/06 


Copper 0.78 0.94 5/94-8/06 


Lead  0.04 0.05 5/94-8/06 
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Parameter 


(µg/L) 


Average 90th Percentile Sample Dates 


Mercury, total 0.004 0.01 5/94-8/06 


Nickel  0.43 0.52 5/94-8/06 


Silver  0.02 0.02 10/05-8/06 


Zinc (ug/L) 1.46 2.66 5/94-8/06 


    


5.0 EFFECTS OF THE ACTION  
The action under consultation is the reissuance of the NPDES permit to the City of Puyallup for the discharge of 


treated wastewater into the Puyallup River.  ‘Effects of the action’ means the direct and indirect effects of an 


action on the listed species or critical habitat, together with the effects of other activities that are interrelated or 


interdependent with that action, that will be added to the environmental baseline (50 CFR 402.02).  Effects of 


the action that reduce the fitness of a listed species to meet its biological requirements may increase the 


likelihood that the proposed action will result in adverse effect to that listed species or its designated critical 


habitat.  The following Section will include a discussion of the: 1) activities with insignificant or discountable 


effects, 2) potential for exposure of listed species to the action, 3) response of listed species from exposure to 


the stressors, and 4) potential indirect effects to SRKWs. 


The effects analysis combines the water quality data with the likelihood that species will be exposed based on 


their presence in the action area and the potential for exposure.  For aquatic organisms such as salmon and 


trout, exposure of an aquatic organism to a contaminant is a function of exposure time, exposure concentration, 


bioconcentration factor, and depuration rate (removal of the contaminant from tissue).  Exposure depends on 


life history and life stage.  For example, resident fish are at a higher potential of exposure than migratory fish 


and early life stages of fish; the egg, embryo, and fry; are typically more sensitive to toxicity than the adult life 


stage.  


5.1 ACTIVITIES WITH INSIGNIFICANT AND DISCOUNTABLE EFFECTS 


The purpose of the proposed action is to reissue the NPDES permit to the City of Puyallup for the discharge of 


wastewater in compliance with the Clean Water Act.  The potential effects of that action center on changes to 


water quality as a result of the discharge.  There are no activities with insignificant or discountable effects.  


5.2 SPECIES EXPOSURE ANALYSIS  


5.2.1 CHINOOK SALMON  


Habitat loss and degradation, bank hardening and channel restriction, along with point and nonpoint pollution 


have all resulted in reduced numbers of Chinook in the action area.  Nevertheless, some functioning habitat 


remains for salmon to spawn and rear; this habitat is located in the middle and upper Puyallup River (NOAA 
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2007 SR167 Biological Opinion).  According to NOAA (2007) who cite Streamnet 2006 “ the lower Puyallup River, 


from RM 0 to RM 1 is used by spring- and fall- run Chinook for migration only, with rearing and migration 


upstream to approximately RM 10 and 26, respectively.  As such, the lower River action area from RM 4 to RM 6 


contains rearing and migratory habitat for juvenile Chinook and migratory habitat for adults of both populations.    


The action area is encompassed in an area of the River that is channelized and diked.  The only tributary within 


the action area, Clarks Creek at RM 5.8, is approximately 1.1 miles downstream from the discharge point. Clarks 


Creek supports several salmon species for spawning, rearing and foraging including the Chinook.  Clarks Creek is 


not pristine fish habitat; it is limited by channel confinement and erosion with no off-channel habitat, fish 


barriers, degraded riparian habitat and water quality (Marks et al. 2011).  Regardless of the habitat degradation 


the Puyallup Tribe observed 42 Chinook and 18 Chinook redds in a surveyed reach of the creek between 


September and October (Marks et al., 2005) as cited in (National Oceanic and Atmospheric Administration 


2007).  These fish would use the section of the Puyallup River within the action area for migration.    


While it is well documented that Chinook use the lower River for migration and rearing, this fact in and of itself 


does not sufficiently inform the exposure analysis for this species.  In order to predict the amount of time a fish 


may spend in the action area and potentially be exposed to stressors it is necessary to establish residence time.   


The Puyallup Tribe conducted a residence time evaluation for Chinook in the lower Puyallup River in 2004.  The 


purpose of the study was to quantify residence time of salmonids (primarily Chinook) in the lower river to assist 


with the development of NPDES permit limits and mixing zone determinations.  Additionally, they also collected 


morphometric data for the determination of growth rates.  The Puyallup Tribe collected data on out-migrating 


juveniles during a seven week period in the spring and summer from May to July.  The data were used to 


calculate both maximum individual and mean residence times.  Results showed that juvenile Chinook 


demonstrated a maximum individual residence time of at least and at times greater than 33 days (two 


individuals).  Additionally, they found that a number of juvenile Chinook were rearing in a location below the 


screw trap and that these fish were remaining for two to three weeks.  Finally, the calculation of mean residence 


time, correcting for varying recapture effort, in the lower Puyallup River was 7.4 days (Grette and Associates 


2004).  Based on these data, EPA assumes that adults will move through the area fairly rapidly on the way to 


spawning grounds, but juveniles will likely remain in the action area for a longer period of time while rearing and 


migrating to marine waters.   


5.2.2. STEELHEAD 


There are two steelhead stocks in the Puyallup River Basin, the Puyallup River and Carbon River winter-run 


steelhead.  Adult steelhead have been captured and transported above Mud Mountain dam since 1941, their 


numbers ranged from a low of 136 in 2007 to a high of 2,166 in 1946.  Over the past decade the numbers have 


ranged from 136 to 524 individuals (Marks et al. 2011).  According to data collected from the Buckley Trap in 


2010 and 2011, individuals were primarily captured on April and May (Marks et al. 2011).  Unlike Chinook, 


steelhead spawning has rarely been observed in Clarks Creek within the action area although they are 


sometimes captured in tributaries off the Creek (Marks et al. 2011).   


Steelhead do not spawn in the action area, rather the greatest number of spawners utilize tributaries of the 


upper main stem Puyallup River, notably the upper reached of Kellog, Niesson and Ledout Creeks (Marks et al., 
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2011).  The section of River between the top of the canyon above Puget Sound Energy’s Electron Powerhouse to 


the diversion dam at RM 41.7 also has some spawning (Marks et al. 2011).  Therefore, adult steelhead and out-


migrating juveniles are likely the life stages potentially exposed to stressors within the action area.  Unlike 


Chinook information that would assist with predicting the amount of time juvenile steelhead would be present 


in the action area are not readily available.  Due to the lack of side or off channel habitat, EPA assumes that 


these fish would not linger in the main channel for an extended period of time therefore it is assumed that the 


exposure duration would be similar to that of Chinook at 7.4 days.    


5.2.3 BULL TROUT 


Local populations of anadromous, fluvial and possibly resident bull trout occur in the Puyallup River system, 


although very little is known about their distribution and abundance.  Resident bull trout reside in headwater 


tributaries, the fluvial life form uses the lower reaches of the main stem rivers and tributaries for foraging and 


overwintering (USFWS 2007) (Marks et al. 2011).  The anadromous life form is considered diminished in the 


watershed.    


Spawning and rearing occurs primarily in headwater reaches where water temperatures are cold enough to 


support egg and juvenile survival (USFWS 2007) (Marks et al. 2011).  Bull trout that migrate upstream to spawn 


will move through the action area between the end of May and September to reach spawning grounds in the 


upper North and South forks of the River.  Juvenile rearing likely occurs in the upper Puyallup River and upper 


reaches of the basin as a whole (USFWS 2007).   


Since bull trout, unlike salmon, will remain in an area and feed during migration, their presence in the action 


area may be influenced by the availability of prey and the quality of the habitat.  Bull trout are likely drawn to 


the mouths of tributaries along the lower Puyallup River due to the availability of prey and more favorable 


habitat conditions in those locations.  Clear Creek at RM 2.9 (which is below the action area) has been 


documented as an area used by bull trout (Jeanes 2006).  Bull trout were detected at the mouth of Clear Creek 


in August and it was surmised by USFWS (2007) that the attraction was due to the lower stream temperatures 


relative to the Puyallup River, thereby providing a cold water refugia for the fish.  As discussed above, Clarks 


Creek which is within the action area is used by numerous species of salmon for spawning and rearing.  


According to Marks et al., (2011) fluvial bull trout are known to forage in the tributaries of the lower Puyallup 


River including Clarks Creek.   


As rearing occurs in the upper river, only subadults and adults migrating, foraging or overwintering are 


anticipated to be in the action area and potentially exposed to stressors.  Specifically, we anticipate that the 


anadromous life form of migrating adult bull trout (although there are few of these fish) and the fluvial 


subadults and adults foraging and or overwintering in the lower River may be present.  The duration of exposure 


is unknown as there have been no targeted sampling events necessary to characterize bull trout use of the lower 


River.   


5.3 POTENTIAL STRESSORS 


The character and concentration of the chemical constituents discharged along with the wastewater effluent 


under the reissued NPDES permit for the City of Puyallup are evaluated as potential stressors in the following 


sections.   
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In general, discharge of municipal wastewater effluent is known to affect water quality in the receiving water 


body.  The degree to which water quality is diminished is directly related to the level of treatment and the 


baseline water quality.  Effluent has been shown to contain trace amounts of many chemicals found in a variety 


of products that are disposed of via municipal sewer systems and through industrial discharges.  Therefore, 


municipal effluents have been identified as sources of endocrine disrupting chemicals (EDCs), pharmaceuticals 


and personal care products (PPCPs), persistent, bioaccumulative and toxic chemicals (PBTs), and other 


compounds of anthropogenic origin in surface waters of the United States, and Europe (Lee 2000; Molnar 2000; 


Huang 2001; Kolpin 2002; Lazorchak 2004)  Additionally, municipal effluents commonly contain fragrances or 


musks which are ubiquitous ingredients in perfumes, lotions and cosmetics.  There are no current regulatory 


requirements for testing these emerging chemicals, nor are water quality standards or other recognized 


benchmarks available, although research has shown them to be frequently detected in rivers, lakes and streams. 


The degree to which these chemical constituents can be removed from WWTP effluents is directly related to the 


treatment technology of the facility.  Standard secondary wastewater treatment does not entirely remove many 


of these chemicals, and thus they are applied to agriculture lands along with biosolids or are discharged to 


receiving waters in the effluent.  The types of treatment technologies that have proven effective at removing a 


majority of these compounds include ozonation and granulated or powdered activated carbon (EPA 2001; 


(Ternes 2003).  These more advanced treatment processes are more costly and are primarily used in the 


treatment of drinking water.  


5.3.1 PUYALLUP WWTP EFFLUENT CHARACTERIZATION 


As discussed in Section 2.2.1 the Puyallup WWTP is considered an advanced treatment facility.  The removal of 


some of the chemical groups discussed above is significant for this facility.  EPA conducted a comprehensive 


characterization of the facility’s effluent in order to predict the chemical constituents and their concentrations in 


the action area.  This was possible due to the availability of the following data: 1) effluent data collected from 


April 2003 to October 2008 in compliance with the NPDES permit, 2) a study evaluating the efficacy of biological 


nutrient removal in reducing the loading and concentration of PPCPs conducted in 2010 that included the 


Puyallup WWTP (Lubliner et al. 2010), and 3) surrogate data from similar size WWTPs in Puget Sound in order to 


predict the concentrations of PBDE congeners discharged from the facility, as these chemicals are not included 


in the monitoring program.  NMFS’ Office of Protected Resources requested that EPA evaluate the effects of 


PBDEs on salmon and SRKWs.  The selection of these data along with other effluent incorporated into the 


analysis is discussed in detail in the following sections.   


5.3.1.1  CITY OF PUYALLUP MONITORING DATA  


The City of Puyallup collected ambient water quality data for a seven year period at the upstream and 


downstream edge of the compliance points of the mixing zone (Table 17 and Table 18).  These compliance 


points are at the upstream (100 ft) and downstream (302 ft) edge of the regulatory mixing zone.  In addition to 


copper, lead, mercury and zinc these data include flow, pH, and ammonia.   
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TABLE 17.  QUARTERLY AND ANNUAL RECEIVING WATER SAMPLING (METALS ARE TOTAL RECOVERABLE)  


Mixing Zone 


Mean 


Daily 


WPCP 


flow 


Mean 


Daily 


River 


Discharge 


   


Total Recoverable 


Location and 


date mgd cfs 


pH 


su 


Ammonia 


mg/L 


Hardness 


as CaCO3 mg/L 


Copper 


µg/L 


Lead 


µg/L 


Mercury 


µg/L 


Zinc 


µg/L 


Downstream 


Edge1(Compliance 


Point) 


                  


10/15/2003 3.830 1150 6.93 0.09 34 1.7 0.164 0.0014 1.86 


10/5/2004 3.280 2050 6.7 0.35 30 2.38 0.294 0.0027 2.16 


10/6/2005 3.420 1450 7.4 0.05 30 3.88 0.396 0.0031 2.36 


9/25/2006 3.100 1140 7.2 0.04 32 2.66 0.318 0.0017 3.40 


9/19/2007 3.548 1160 7.6 0.06 34 2.8 0.226 0.0020 3.32 


9/30/2008 3.050 1480 7.6 0.06 32 1.76 0.196 0.0017 2.30 


9/28/2009 3.095 1280 7.4 0.14 34 3.14 0.388 0.0033 3.28 


10/6/2010 3.073 1322 7.5 0.02 36 1.6 0.15 0.0013 1.70 


Average 3.300 1379   0.10 33 2.49 0.27 0.0021 2.55 


Maximum 3.830 2050   0.35 36 3.88 0.40 0.0033 3.40 


Minimum 3.050 1140   0.02 30 1.6 0.15 0.0013 1.70 


          
Upstream2 


(compliance 


point) 


                  


10/15/2003 3.83 1150 6.93 0.07 33.24 1.56 0.142 0.00154 1.08 


3/11/2004     7.1 ND 25 1.2 0.09 0.002 1.1 


5/5/2004     7 ND 22.2 1.6 0.2 0.0024 1.4 
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Mixing Zone 


Mean 


Daily 


WPCP 


flow 


Mean 


Daily 


River 


Discharge 


   


Total Recoverable 


Location and 


date mgd cfs 


pH 


su 


Ammonia 


mg/L 


Hardness 


as CaCO3 mg/L 


Copper 


µg/L 


Lead 


µg/L 


Mercury 


µg/L 


Zinc 


µg/L 


9/30/2004     7.2 0.33 32 a a 0.0024 a 


10/5/2004 3.28 2050       2.22 0.298 0.00286 2.04 


3/23/2005   1590 7.3 0.01 34 0.8 0.07 0.0013 0.9 


6/29/2005   2600 7.3 0.5 24 4.64 0.41 0.00482b 3.17 


9/22/2005   898 7.5 0.03 34 2.5 0.44 0.0036b 2.4 


10/6/2005 3.42 1450 7.4 0.05 30 3.64 0.372 0.00284 2.7 


3/28/2006   1630 8 0 34 0.7 0.04 0.0014 1.3 


6/28/2006   4160 7.4 0.03 16 8.7 1.08 0.0065 6.4 


9/25/06 3.1 1140 7.3 0.04 32 2.5 0.31 0.00172 3.46 


11/16/06   8070 7 0.04 20 21.3c 3.18c 0.0235c 17.8c 


3/21/07   5190 6.9 0.02 20 2.6 0.31 ND 2.3 


5/23/07   3230 7.5 0 24 1.1 0.21 0.0013 2.7 


9/19/07 3.548 1160 7.5 0.07 34 1.88 0.19 0.001875 1.94 


11/28/07   1690 7.3 0.02 32 1 0.065 ND 1.5 


2/13/08   4310 7.1 0.02 24 1.4 0.15 0.0023 2.3 


5/8/08   4310 7.6 0.03 22 2.3 0.35 0.0028 2.1 


9/30/08 3.05 1480 7.6 0.07 32 1.72 0.186 0.00156 1.66 


12/1/08   2920 7.4 0.03 28 1.3 0.11 0.0015 1.1 


3/11/09   1710 7.5 0.02 32 2.6 0.39 0.0045 0.033 


5/20/09   6180 7.5 0.02 16 4.31 0.663 0.00593 7 
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Mixing Zone 


Mean 


Daily 


WPCP 


flow 


Mean 


Daily 


River 


Discharge 


   


Total Recoverable 


Location and 


date mgd cfs 


pH 


su 


Ammonia 


mg/L 


Hardness 


as CaCO3 mg/L 


Copper 


µg/L 


Lead 


µg/L 


Mercury 


µg/L 


Zinc 


µg/L 


9/28/09 3.095 1280 7.5 0.15 32 3.2 0.42 0.004 2.8 


11/12/09   2810 7.4 0.1 28 1.4 0.09 0.00245 0.8 


2/10/10   1814 7.5 0.05 34 1.1 0.07 0.0015 1.5 


5/19/10   5020 7.4 0.09 18 2 0.3 0.0032 2.2 


9/28/10   2139 7.5 0.04 24 4.51 0.46 0.003 6.1 


10/6/10 3.073 1322 7.4 0.02 34 1.6 0.14 0.0014 1.2 


                    


Average       0.07 28 2.37 0.28 0.0026 2.34 


Maximum       0.50 34 8.70 1.08 0.0065 7.00 


Minimum       0.00 16 0.70 0.04 0.0013 0.03 


1 - 302' downstream of Outfall Diffuser.        


2 - 100' upstream of Outfall Diffuser.         


 


There are two stormwater outfalls which are very likely influencing the concentrations of constituents measured 


by the City of Puyallup in the compliance zones.  The upstream compliance zone will be most affected primarily 


during the wet season when the outfalls are discharging stormwater (Table 17 and Table 18).  These outfalls are 


located 160 ft and 100 ft upstream and downstream of the WWTP discharge pipe, respectively (Figure 7).     
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TABLE 18.  QUARTERLY AND ANNUAL RECEIVING WATER SAMPLING (METALS ARE DISSOLVED)  


Mixing 


Zone 


Mean 


Daily 


Effluent 


flow 


Mean 


Daily River 


flow 


   


Dissolved 


Location 


and date mgd cfs 


pH 


su 


Ammonia 


mg/L 


Hardness 


as CaCO3 mg/L 


Copper 


µg/L 


Lead 


µg/L 


Mercury 


µg/L 


Zinc 


µg/L 


Downstream Edge1 (Compliance Point)              


10/15/2003 3.8 1150 6.93 0.09 34 1.46 0.113 0.001 1.66 


10/5/2004 3.3 2050 6.7 0.35 30 2.05 0.203 0.002 1.92 


10/6/2005 3.4 1450 7.4 0.05 30 3.34 0.273 0.003 2.10 


9/25/2006 3.1 1140 7.2 0.04 32 2.29 0.219 0.001 3.03 


9/19/2007 3.5 1160 7.6 0.06 34 2.41 0.156 0.002 2.95 


9/30/2008 3.0 1480 7.6 0.06 32 1.51 0.135 0.001 2.05 


9/28/2009 3.1 1280 7.4 0.14 34 2.70 0.268 0.003 2.92 


10/6/2010 3.1 1322 7.5 0.02 36 1.38 0.103 0.001 1.51 


Average 3.3 1379   0.10 33 2.14 0.18 0.002 2.27 


Maximum 3.8 2050   0.35 36 3.34 0.27 0.003 3.03 


Minimum 3.0 1140   0.02 30 1.38 0.10 0.001 1.51 


          
Upstream 2 (Compliance Point)              


10/15/2003 3.8 1150 6.9 0.07 33 1.34 0.098 0.001 0.961 


3/11/2004     7.1 ND 25 1.03 0.062 0.002 0.979 


5/5/2004     7.0 ND 22 1.38 0.138 0.002 1.25 


9/30/2004     7.2 0.33 32 a a 0.002 a 


10/5/2004 3.3 2050       1.91 0.206 0.002 1.82 
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Mixing 


Zone 


Mean 


Daily 


Effluent 


flow 


Mean 


Daily River 


flow 


   


Dissolved 


Location 


and date mgd cfs 


pH 


su 


Ammonia 


mg/L 


Hardness 


as CaCO3 mg/L 


Copper 


µg/L 


Lead 


µg/L 


Mercury 


µg/L 


Zinc 


µg/L 


3/23/2005   1590 7.3 0.01 34 0.688 0.048 0.001 0.801 


6/29/2005   2600 7.3 0.5 24 3.99 0.283 b 2.82 


9/22/2005   898 7.5 0.03 34 2.15 0.304 b 2.14 


10/6/2005 3.4 1450 7.4 0.05 30 3.13 0.257 0.002 2.40 


3/28/2006   1630 8.0 0 34 0.602 0.028 0.001 1.16 


6/28/2006   4160 7.4 0.03 16 7.48 0.745 0.006 5.70 


9/25/06 3.1 1140 7.3 0.04 32 2.15 0.214 0.001 3.08 


11/16/06   8070 7.0 0.04 20 #VALUE! #VALUE! #VALUE! #VALUE! 


3/21/07   5190 6.9 0.02 20 2.24 0.214 #VALUE! 2.05 


5/23/07   3230 7.5 0 24 0.946 0.145 0.001 2.40 


9/19/07 3.5 1160 7.5 0.07 34 1.62 0.131 0.002 1.73 


11/28/07   1690 7.3 0.02 32 0.860 0.045 #VALUE! 1.33 


2/13/08   4310 7.1 0.02 24 1.20 0.104 0.002 2.05 


5/8/08   4310 7.6 0.03 22 1.98 0.242 0.002 1.87 


9/30/08 3.1 1480 7.6 0.07 32 1.48 0.128 0.001 1.48 


12/1/08   2920 7.4 0.03 28 1.12 0.076 0.001 0.979 


3/11/09   1710 7.5 0.02 32 2.24 0.269 0.004 0.029 


5/20/09   6180 7.5 0.02 16 3.71 0.457 0.005 6.23 


9/28/09 3.1 1280 7.5 0.15 32 2.75 0.290 0.003 2.49 


11/12/09   2810 7.4 0.1 28 1.20 0.062 0.002 0.712 
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Mixing 


Zone 


Mean 


Daily 


Effluent 


flow 


Mean 


Daily River 


flow 


   


Dissolved 


Location 


and date mgd cfs 


pH 


su 


Ammonia 


mg/L 


Hardness 


as CaCO3 mg/L 


Copper 


µg/L 


Lead 


µg/L 


Mercury 


µg/L 


Zinc 


µg/L 


2/10/10   1814 7.5 0.05 34 0.946 0.048 0.001 1.34 


5/19/10   5020 7.4 0.09 18 1.72 0.207 0.003 1.96 


9/28/10   2139 7.5 0.04 24 3.88 0.317 0.003 5.43 


10/6/10 3.07 1322 7.4 0.02 34 1.38 0.097 0.001 1.07 


                    


Average       0.07 28 2.04 0.19 0.002 2.08 


Maximum       0.50 34 7.48 0.75 0.006 6.23 


Minimum       0.00 16 0.60 0.03 0.001 0.03 


1 - 302' downstream of Outfall Diffuser.      


2 - 100' upstream of Outfall 


Diffuser. 


        


 


5.3.1.2  TARGETED STUDY  


Lubliner et al. collected effluent samples from five WWTPs including the Puyallup facility in 2008 in a study 


designed to determine the efficacy of biological nutrient removal at reducing the number and concentration of 


PPCPs in WWTP effluent.  They measured 172 organic compounds which included 72 pharmaceuticals and 


personal care products; 27 hormone and steroids; and 73 semi-volatile organic compounds.  Of the 172 


chemicals analyzed 39 were detected at the Puyallup WWTP including 28 PCPPs, 8 hormones and steroids, and 3 


semi-volatile organic compounds 


Many of the endocrine disrupting compounds generally detected in secondary effluent were removed from the 


Puyallup WWTP effluent (Table 19).  This removal efficiency is likely due to biological nutrient removal and the 


extended solids retention time of the facility.  These process attributes allow for the breakdown and metabolism 


of numerous compounds that would otherwise be discharged. 
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FIGURE 7. LOCATION OF STORMWATER OUTFALLS PROXIMAL TO THE MIXING ZONES WITHIN THE ACTION AREA  


 
TABLE 19. COMPARISON BETWEEN CHEMICALS DETECTED IN INFLUENT AND EFFLUENT IN THE PUYALLUP 


WASTEWATER TREATMENT PLANT DISCHARGE   


Class Influent Effluent 


Analgesic  Ibuprofen Ibuprofen 


Anti-acid reflux Cimetidine 


Ranitidine 


Cimetidine 


Ranitidine 


Antiasthmatic Albuterol Albuterol 


Antibdiabetic Biguanide Class Metformin Metformin 


Antibiotic ------ 


Ciprofloxacin  


4-Epitetracycline 


Ciprofloxacin 
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Class Influent Effluent 


Clarithromycin 


Doxycycline  


Erythromycin  


Ofloxacin  


Sulfadiazine 


Sulfamethazine 


Sulfamethoxazole  


Tetracycline  


Triclocarban  


Triclosan  


Trimethoprim 


Clarithromycin  


Doxycycline 


Erythromycin 


Ofloxacin 


Sulfadiazine 


------ 


Sulfamethoxazole 


Tetracycline 


Triclocarban 


----- 


Trimethoprim 


Anticoagulant Warfarin Warfarin 


Antifungal Agent Miconazole ------ 


Antihistimine Diphenhydramine Diphenhydramine 


Antilipidemic Carbamazepine Carbamazepine 


Bronchodilators Albuterol Albuterol 


Caffine metabolite Paraxanthine ------ 


Calcium Channel Blockers Diltiazem Diltiazem 


Carbolic Acid Phenol ------ 


Chlorinated  Phenol ------ 2,4,6-Trichlorophenol 


Cholesterol Derivative Coprosterol 


Cholesterol 


Coprosterol  


Cholesterol 


Estrogen Equilin 


Estriol 


------ 


------  
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Class Influent Effluent 


Estrone Estrone 


Food Additive Triethyl citrate Triethyl citrate 


Fungal inhibitor Benzoic Acid Benzoic Acid 


Lipid Regulator Gemfibrozil Gemfibrozil 


Macrolide Antibiotics Azithromycin Azithromycin 


Nicotine Metabolite Cotinine Cotinine 


Nifedipine metabolite ------ Dehydronifedipine 


Nonsteroidal anti-inflammatory Naproxin Naproxin 


Opiate Codeine Codeine 


Organochlorine Pesticide Pentachlorophenol ------ 


Other Benzyl Alcohol 


Total Persulfate Nitrogen 


Total Phosphorus  


Total Suspended Solids  


Ammonia  


Nitrite-Nitrate  


Ortho-Phosphate 


------  


Total Persulfate Nitrogen  


Total Phosphorus 


Total Suspended Solids 


Ammonia 


Nitrite-Nitrate 


Ortho-Phosphate  


Pesticide Thiabendazole Thiabendazole 


Phytosterol Beta-Sitosterol  


Beta-Stigmastanol 


Campesterol  


Stigmasterol 


------  


Beta-Stigmastanol  


Campesterol  


Stigmasterol 


Plasicizer Bis(2-Ethylhexyl) Phthalate 


Bisphenol A  


------  


Bisphenol A 
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Class Influent Effluent 


Butyl benzyl phthalate 


Diethyl phthalate  


Ethanol, 2-Chloro-, Phosphate 


(3:1) 


------- 


------- 


Ethanol, 2-Chloro-, Phosphate 


(3:1) 


Reproductive  Hormone Norgestrel ------ 


Selective Serotonin Reuptake 


Inhibitor 


Fluoxetine Fluoxetine 


Sex Hormone 17a-Estradiol ------ 


Steroid Hormone Testosterone  


Androsterone 


------ 


------ 


Sterol Epi-Coprostanol  


Desmosterol  


Desogestrel 


Ergosterol 


Epi-Coprostanol 


------ 


------  


Ergosterol 


Stimulant Caffeine ------ 


Surfactant p-Cresol  


Phenol, 4-nonyl- 


------ 


------ 


 


Review of the data collected by Lubliner et al., (2010) revealed that the hormones and phthalates were removed 


to undetectable levels from the effluent.  In addition to these compounds the WWTP removed a significant 


amount of the total suspended solids (99 percent) and nutrients (Table 20) (Lubliner et al, 2010).  Reproductive 


hormones including 17a-Estradiol, Ethinyl estradiol and Estradiol were all removed at 85 to 95 percent of their 


influent concentrations, resulting in undetectable levels of less than 2 parts per trillion.  The removal efficiency 


of these hormones is significant as these compounds are highly biologically active at low concentrations and 


often responsible for much of the endocrine activity in fish exposed to municipal effluents.  
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TABLE 20. REMOVAL OF NUTRIENTS FROM THE PUYALLUP WWTP EFFLUENT (LUBLINER ET AL., 2010)  


WWTP TSS Orthophosphate Total 


Phosphorus 


Organic 


Phosphorus 


Ammonia Nitrite-


Nitrate 


Total 


Persulfate 


Nitrogen 


Organic 


Nitrogen 


Total 


Inorganic 


Nitrogen 


Influent 


(mg/L) 


240 3.79 6.92 3.13 29.5 0.03 34.6 5.1 29.5 


Effluent 


(mg/L) 


2 3.25 2.79 <0.01 5.1720 5.0 11.9 1.7 10.2 


Percent 


removal 


99 14 60 >99 83 none 67 67 65 


 


 


TABLE 21. PHARMACEUTICALS AND PERSONAL CARE PRODUCTS DETECTED IN THE PUYALLUP WWTP EFFLUENT 


(LUBLINER ET AL., 2010)   


Class Pharmaceutical Effluent Concentration (ng/L) 


Analgesic Ibuprofen 99.1 


Antiasthmatic Albuterol 21.7 


Anti-acid reflux Cimetidine 


Ranitidine 


140 


283 


Antibiotic-Macrolide Azithromycin  


Clarithromycin  


Erythromycin 


170 


257 


247 


Antibiotic-Pyrimidine Trimethoprim 334 


Antibiotic-Quinoline Ciprofloxacin 96.8 


                                                           


20 Based on DMR data submitted to EPA, typical ammonia concentrations are approximately 1.0 mg/L. 
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 Ofloxacin 210 


Antibiotic-Sulfonamide 


 


Sulfadiazine  


Sulfamethoxazole 


19.2 


1420 


Antibiotic-Tetracycline Doxycycline 


 Tetracycline 


16 


9.73 


 Anticoagulant Warfarin 10.3 


Anticonvulsant Carbamazepine 701 


Anti-diabetic  Metformin 34900 


Antihistamine Diphenhydramine 286 


Antihypertensive Diltiazem 88.3 


Antilipemic Gemfibrozil 585 


Antimicrobial, disinfectant Triclocarban 42.7 


Non-steroidal anti-inflammatory Naproxen 113 


Nicotine Metabolite Cotinine 39.5 


Nifedipine Metabolite Dehydronifedipine 5.86 


Opiate Codeine 57.4 


 Pesticide Thiabendazole 27.1 


Selective Serotonin Reuptake 


Inhibitors (SSRI)  


Fluoxetine 43.7 


Tetracycline Degradate 4-Epitetracycline 8.37 
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TABLE 22. HORMONES AND STEROIDS DETECED IN THE PUYALLUP WWTP EFFLUENT  


Class Pharmaceutical Effluent Concentration (ng/L) 


Steroid Campesterol 283 


 Cholestanol 602 


 Cholesterol 3250 


 Coprosterol 1170 


 Epi-Coprostanol 29.5 


 Ergosterol 170 


Hormone Estrone 20.2 


 


TABLE 23. SEMI-VOLATILE ORGANICS DETECTED IN THE PUYALLUP WWTP EFFLUENT  


Compound Effluent Concentration (ng/L) 


2,4,6-Trichlorophenol 0.92 


Tri(2-chloroethyl)phosphate 1.1 


Triethyl citrate 2.4 


 


5.3.1.3  SELECTING SURROGATE POLYBROMINATED DIPHENYL ETHER (PBDE) DATA FOR THE PUYALLUP ANALYSIS  


The City of Puyallup is not required to measure PBDEs in their effluent as there are no water quality standards 


available to determine compliance with the Clean Water Act.  Lubliner et al., (2010) did not evaluate (PBDEs) in 


their analysis of the Puyallup wastewater treatment plants effluent.  Therefore, it was necessary for EPA to 


obtain surrogate data from a similar size facility that serves a similar population.   


In an effort to estimate the effects of PBDEs from the City of Puyallup treatment plant, surrogate data was 


chosen from among ten treatment plants in the Puget Sound region.  The ten plants were evaluated as part of a 


study that estimated the loads of toxic chemicals to Puget Sound, including PBDE loads. Table 24 below lists the 


plants involved in the study, Phase 3: Loadings of Toxic Chemicals to Puget Sound from POTW Discharge of 


Treated Wastewater (WDOE and HEC 2010). 


Of the plants presented in Table 24, below, the Bremerton Sewage Treatment Plant (STP) was chosen as a 


surrogate for the Puyallup WWTP because the characteristics of the two plants were most closely matched.  The 


Bremerton STP has similar flows to the Puyallup plant and is an activated sludge plant.  The Bremerton plant 
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receives domestic wastewater from residential and light commercial activities in the city of Bremerton and 


Kitsap County Sewer District 1.  The plant also receives wastewater from a hospital, and domestic and industrial 


wastewater from the Puget Sound Naval Shipyard.  The Puyallup user base also includes a mix of residential, 


commercial, and industrial flows.  The typical effluent flow rate at Bremerton is about 4.3 mgd, while the 


maximum month average design flow rate is 10.1 mgd.  The annual average discharge flow rate at Puyallup is 


between 4 and 5 mgd, while the maximum month design capacity flow is 13.98 mgd.  It should be noted, 


however, that the solids retention time at Puyallup is considerably higher than at Bremerton (18 days vs. 2.6 


days), as are mixed liquor suspended solids (MLSS) concentrations (2,000 mg/L vs. 1,400 mg/L).  These 


differences mean that the Puyallup plant should be more effective at removing the most hydrophobic PBDE 


congeners from wastewater that would be expected to occur at the Bremerton treatment plant. 


 


TABLE 24.  WASTEWATER TREATMENT PLANTS EVALUATED IN THE PUGET SOUND LOADING STUDY  


 


 


Three congeners (BDE-047, BDE-099, and BDE-209) were found to comprise 69percent to 82percent of the total 


PBDE loadings from each of the ten POTWs in the Phase 3 toxics loadings study.  These three also constituted 


between 71 percent and 79 percent of the PBDE congeners annually discharged to Puget Sound. PBDE 


concentrations were measured in effluent from the Bremerton STP as part of the Phase 3 toxics loadings study. 


Key concentration data is presented in Table 25 below; these data will be used to evaluate effects to Salmonids 


and the SRKW as requested by the NMFS’ Office of Protected Resources.  
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TABLE 25.  SELECTED DATA FROM THE BREMERTON SEWAGE TREATMENT PLANT  


BDE Congener 


(ng/L) 


Winter Summer 


  Result Qualifier Result Qualifier 


BDE-047 5.35   5.38   


BDE-099 5.05  4.58   


BDE-209 3.34   0.75 UJK 


Data Qualifiers: 
U = Analyte was not detected at or above the reported result. 


J = Analyte was positively identified. Value is the approximate concentration. 


K = Bias could not be determined. 


 


6.0 SPECIES RESPONSE ANALYSIS  
This section of the BE focuses on the direct and indirect effects of EPA’s action on listed salmonids.  The effluent 


limits proposed in the draft permit are derived using conservative assumptions about dilution and effluent and 


receiving water concentrations.  The effluent limits are therefore considered conservative estimate of the 


potential effects of the pollutant discharge where applicable. 


The following evaluation was conducted by determining: 


1) The species presence (exposure) in the action area relative to the discharge, and   


2) The potential for adverse effects using: 


a. Effluent data collected by the City of Puyallup for ammonia, copper, lead, mercury and zinc. 


b. Background data for metals in the lower River. 


c. A model to predict receiving water concentrations using maximum effluent concentrations. 


d. The Puyallup Tribes Water Quality Standards 


e. Aquatic toxicity studies from the primary literature and Federal agency documents. 


Due to the lack of studies on Chinook, steelhead and bull trout EPA’s analysis included the review of research 


conducted primarily with surrogate species.  The studies describing the effects of toxic chemicals on listed 


salmonids are limited as most studies are conducted using rainbow trout.  Therefore, rainbow trout are often 


used as a surrogate species to determine the effects of toxic pollutants on other salmonid species.  Additionally, 


EPA reviewed literature that investigated a variety of endpoints other than mortality, growth, reproduction.  


Because harm, as defined in the ESA and its implementing regulations includes significant impairment of 


essential behavior patterns, EPA included literature that focused on subtle sublethal responses to pollutants.   


Finally, other factors, besides the direct effects of acute and chronic toxicity that may influence whether or not 
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the discharge is having an effect on the listed species are considered in this BE.  These include effects to the 


species’ prey-base and ability to avoid the Puyallup WWTP outfall discharge. 


Discharges into Puyallup Tribal waters must comply with Puyallup Tribal WQS, and a mixing zone can be granted 


only if the NPDES permit is certified by the Tribe under Section 401 of the Clean Water Act.  Therefore, the 


criteria in the Puyallup Tribal Water Quality Standards provide a foundation for the NPDES permit and this 


evaluation, including both the numeric and narrative criteria. 


Whole Effluent Toxicity (WET) studies were conducted on other target species Ceriodaphnia dubia, fathead 


minnow (Pimephales promelas) as part of this permit process.  Acute and chronic WET tests conducted during 


the permit cycle showed no reasonable potential for this discharge to cause receiving water acute or chronic 


toxicity.  WET data supporting these conclusions is presented in the draft NPDES Fact Sheet. 


EPA estimated the concentrations of a number of chemical constituents measured in the effluent using a model 


developed by Cosmopolitan Engineering (see Section 2.3) and based on the work of Fischer and others in the 


book Mixing in Inland and Coastal Waters (Fischer et al., 197921).  EPA used the maximum effluent 


concentrations measured during routine monitoring as input parameters to estimate the potential exposure 


concentrations for listed salmonids as the effluent mixed with receiving water while moving downriver.  This 


approach allowed EPA to demonstrate the predicted concentrations and the spatial extent of potential exposure 


of a number of chemical constituents that are concerning for listed salmonids.   


EPA then characterized these exposure concentrations to background concentrations for conservative 


pollutants, the Puyallup WQS, and the toxicity data from the literature to determine if the levels we predicted to 


be present in the acute and chronic mixing zones and action area would elicit adverse effects in listed salmonids.   


The parameters of concern in Outfall 001 for the Puyallup WWTP are those that have been detected or are 


expected to be in the Puyallup WTP effluent and have been shown to be toxic to aquatic organisms.  The permit 


contains discharge limitations for non-toxic (conventional) potential pollutants; these include TSS, pH, BOD5, 


and bacteria.  The permit also contains discharge limitations for ammonia. Ten metals were measured in the 


effluent, arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, and zinc. 


This section describes the potential effects of those pollutants in the discharge on aquatic biota or other 


beneficial uses of water in the receiving water.  Pharmaceuticals and personal care products are common 


components of municipal wastewater effluent.  Although these chemicals are not routinely monitored in WWTP 


effluents we used data collected at the Puyallup WWTP during a recent study conducted by Lubliner et al., 


(2010) to determine if biological nutrient removal (BNR) was effective at the removal of PPCPs.  A number of 


PPCPs were detected in the effluent and we evaluated the effects of exposure to a subset of these PPCPs 


selected based on the limited availability of toxicity information for fish.  Finally, EPA obtained surrogate data 


from a similar size and type facility to complete a PBDE analysis on salmonids and SRKW.  EPA focused the 


analysis on the lower brominated compounds tetra (BDE-47) and penta (BDE-99 & BDE-100) because they are 


                                                           


21 Fischer H, et al., 1979. Mixing in Inland and Coastal Waters, Academic Press, New York. 
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known to bioaccumulate in the body fat of animals more readily than higher brominated compounds such as 


deca and octa class of PBDEs.  Since the concern expressed by the NMFS Office of Protected Resources was 


related to the bioaccumulation of PBDEs in SRKW that may be discharged from the Puyallup WWTP. EPA focused 


the analysis on the congeners that are expected to bioaccumulate.     


6.1 TSS, SEDIMENT AND TURBIDITY 


TSS, suspended sediment and turbidity provide different measurements of suspended particles in water, 


however, information on suspended sediment and turbidity addresses the same general effects to fish species.   


Movement of TSS into streams and estuaries is a natural process occurring through surface and streambank 


erosion.  Ephemeral high concentrations of suspended sediments that occur during storms and snowmelt runoff 


may have short term effects on biota such as behavior response (e.g. avoidance).  But, prolonged exposure to 


high concentrations of suspended solids may harm fish, shellfish, and other aquatic organisms by causing 


abrasive injuries and by clogging the gills and respiratory passages of various aquatic fauna.  Indirectly, 


suspended solids can screen out light and can promote and maintain the development of noxious conditions 


through oxygen depletion.  Settling of suspended sediment can reduce quality and availability of substrate 


habitat.  


In freshwater, avoidance of turbid water and disruption of feeding and territorial behavior (in the range of 60 – 


70 NTU) has been documented for juvenile salmonids.  Newly emerged fry appear to be more susceptible to 


even moderate turbidities than are older fish.  Juvenile salmonids tend to avoid streams that are chronically 


turbid, such as glacial streams or those disturbed by human activities (Bjornn 1991).  It is the potential chronic 


nature of the discharge of TSS that is of primary concern.    


Although the mechanism for effects of suspended sediment is well understood, there is a wide diversity of 


response to specific concentrations of TSS.  Newcombe and Jensen (1996) provided a synthesis for evaluating 


risk and impacts based on an extensive literature review.  Four categories of effects resulting from exposure to 


TSS were recognized in fish: lethal, paralethal, sublethal, and behavioral. These four effect categories are 


defined as follows: lethal effects are those that result in mortality; paralethal effects are those that reduce the 


population in time such as reduced growth rate; sublethal effects are reduced feeding rate or feeding success 


and physiological stress; and behavioral effects are avoidance, alarm, or movement from cover.  Vulnerability to 


TSS effects varies with life history phase, juvenile and larval salmonids are more susceptible to TSS than adults.  


Pre-emergent larvae and eggs are considered the most susceptible, resulting in reduced survival and hatching.  


Newcombe and Jensen (1996) developed concentration: duration models based on the effects (e.g., behavioral, 


sublethal, para-lethal, lethal) for different life stages of salmonids (Newcombe 1996).  For example, at 


suspended sediment concentrations of 25 mg/L their model predicts impacts occurring at 49 days for juvenile 


salmonids, 143 days for adults, and as little as 1 day for egg and larval stage.  Effects occur at much shorter 


durations when the concentration is increased (e.g., in 15 days for juvenile salmonids at 80 mg/L) demonstrating 


the importance of exposure duration in combination with concentration.  


The applicable Puyallup Tribe WQS for turbidity states that turbidity “shall not exceed 5 NTU over background 


turbidity when the background turbidity is 50 NTU or less, or have more than a 10 percent increase in turbidity 
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when the background turbidity is more than 50 NTU.”  Background turbidity data from the Puyallup River 


upstream of the City of Puyallup discharge was obtained from the Department of Ecology’s EIM database.  


Turbidity in the river varies widely.  In the period between May 2004 through June 2010, background turbidity in 


the river ranged from a minimum of around 2 NTU to a maximum of 271 NTU.  The average turbidity was 65 


NTU and the median turbidity was 19 NTU.  Turbidity is not a parameter generally considered in wastewater 


discharges.   


Indeed, control of particulates as total suspended solids in effluent usually results in low turbidity, as is the case 


for the Puyallup WWTP with its extended SRT and use of biological nutrient removal.  Lubliner et al., (2010) 


demonstrated 99 percent removal efficiency for turbidity is achieved by the Puyallup WWTP in their limited 


sampling.  TSS in the effluent is beneath the assigned effluent limit intended to be protective of beneficial uses 


and listed aquatic species.  Therefore, we conclude that exposure to TSS from the WWTP discharge is not likely 


to result in measurable adverse effects to Chinook, steelhead and bull trout.   


6.1.1 TSS-BOUND CONTAMINANTS 


USFWS asked EPA to characterize the potential effects of TSS-bound contaminants on listed species, their 


habitat, and prey base.  The Puyallup WWTP TSS loads are on average 0.007 percent of suspended solids loads 


already in the river (see estimate in Table 26).  


TABLE 26. CONSERVATIVE ESTIMATES FOR RELATIVE TSS CONTRIBUTIONS TO PUYALLUP RIVER  


139 ave TSS mg/L - River x 3319 ave Flow cfs - River x 5.395 = 2488935 lbs/day


4 ave TSS mg/L - WWTP x 7.736 ave Flow cfs - WWTP x 5.395 = 166.943 lbs/day 0.007 %  
NOTE:  


TSS load = (TSS concentration in mg/L)(flow in cfs)(5.395)= # lbs/day, where 5.395 is the conversion factor to obtain the 


answer in units for contaminant loads (lbs/day). 


 


Sediments can act as both “sinks” and “sources” for metals and persistent bioaccumulative chemicals.  


Contaminants can reversibly bind to suspended particulates, and these particulates can serve as a source of 


water column toxicity when resuspended or interstitial (pore) water toxicity in bedded sediments (McCullough 


2001).  Adsorption and complexation are physiochemical processes that are inclined to remove contaminants 


from the liquid-phase and sequester them in the solid-phase (Grant 2003).  Processes such as the Redox 


potential (i.e., oxidizing or reducing conditions) and pH of the sediments influence how contaminants are bound, 


the degree to which they will stay bound or be released to the dissolved phase (John 1995; Bostick 1998).  


Contaminated sediments can therefore constitute a persistent, ongoing source of toxic contamination (Fan 


2004).   


Having established the role that sediments can play in the transfer of contaminants between the various phases, 


EPA is not aware of any sediment data for the action area which would identify the WWTP effluent as a 


significant source for bioaccumulative chemicals and trace metals to the aquatic food web.  TSS discharged from 


the plant are carried down River and intermix with the natural sediment load in the River so that they are 


indistinguishable.  The treatment process at the WWTP is effective at removing a significant amount of solids 


and by association those hydrophobic contaminants adsorbed to them, primarily on account of the high 
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retention times (approximately 18 hrs) achieved during the biological nutrient removal process.  The treatment 


process should reduce, but not eliminate the loading of these chemicals to the River where physical processes 


dictate their ultimate fate.  This may in fact be the case as during bathymetry and current surveys conducted 30 


ft and 300 ft from the discharge outfall little or no fine grained sediment was observed only cobbled stream 


bottom across the channel (Fox 1995). 


The information presented in Table 26 shows that on average approximately 167 lbs of TSS are discharged on a 


daily basis from the WWTP.  EPA has no information on what trace metals or chemicals or amounts of these 


substances are adsorbed to TSS particles.  Nor are we able to predict what happens to these particles and their 


presumed chemical load once they are discharged into the River channel.  Most of the sediment sampling in 


Water Resource Inventory Area 10 (Puyallup/White) is conducted in the marine waters in support of 


navigational dredging.  There are many inherent difficulties with trying to predict the fate and transport of 


sorbed contaminants in wastewater treatment plant effluent, especially where the discharge is to a river system 


with significant sediment bedload and suspended load transport dynamics at play.  The modeling effort and the 


need for additional contaminant-specific information would be considerable, especially in light of the large 


natural sediment load in the Puyallup River which overwhelms any TSS contribution from the WWTP.   


Therefore, we are unable to determine the degree to which chemicals discharged in the effluent will build up in 


the aquatic food chain.  Chemical loadings, in general do exert a functional affect at the aquatic community level 


and constitute a realistic indirect measure with which to assume the potential for effects.  However, at this point 


there isn’t enough information to reliably predict whether or not the loading of chemical constituents from the 


Puyallup WWTP would have a measureable effect on the fitness of listed salmonids in the action area.    


6.2 AMMONIA   


Ammonia occurs naturally in water at low concentrations in equilibrium with other inorganic nitrogen 


compounds.  Ammonia commonly enters the environment as a result of municipal, industrial, agricultural, and 


natural processes.  Natural sources of ammonia include the decomposition or breakdown of organic waste 


matter, gas exchange with the atmosphere, forest fires, and nitrogen fixation processes.  Point sources of 


ammonia include emissions and effluents from industrial plants, fertilizer plants and oil refineries (Canada 


1997); (CCREM 1987).  Non-point sources of ammonia include agricultural, residential, municipal, and 


atmospheric releases.  


Ammonia is highly soluble in water and its speciation is affected by a wide variety of environmental parameters 


including pH, temperature, and ionic strength.  In aqueous solutions, an equilibrium exists between un-ionized 


(NH3) and ionized (NH4 +) ammonia species. Un-ionized ammonia refers to all forms of ammonia in water with 


the exception of the ammonium ion (NH4 +) (Canada 1997); (CCREM 1987).  Ammonia is toxic to fish and other 


aquatic life when it is in the un-ionized form.  It is thought that the un-ionized form is more toxic because these 


neutral molecules may pass through biological membranes more readily.   


Fish are adept at sensing and avoiding very low concentrations of ammonia.  Furthermore, fish have been 


reported to enter waters that contain acutely toxic concentrations of ammonia without suffering any obvious 


long-term effects, as long as these excursions are followed by periods in which the fish are in waters that 


contain ammonia concentrations below acute toxicity levels (Thurston 1981). 
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Concentrations of ammonia acutely toxic to fishes may cause loss of equilibrium, hyper-excitability, increased 


breathing, cardiac output and oxygen uptake, and, in very high concentrations, convulsions, coma, and death.  


At lower concentrations ammonia has many effects on fishes, including a reduction in hatching success and 


growth rate, morphological development, and pathologic changes in tissues of gills, livers, and kidneys (EPA 


1999).  Factors that have been shown to affect ammonia toxicity include dissolved oxygen concentration, 


temperature, pH, previous acclimation to ammonia, fluctuating or intermittent exposures, carbon dioxide 


concentration, salinity, and the presence of other toxicants (EPA 1999).  Invertebrates are generally more 


tolerant than fishes to the acute and toxic effects of ammonia (EPA 1986).  The following summary of 


toxicological test is from the Canadian Water Quality Guidelines for the Protection of Aquatic Life (CCME 1999). 


Long-term studies conducted by Thurston et al., (1984) demonstrated sensitivity to un-ionized ammonia (NH3) at 


concentrations ranging from 0.01 to 0.07 mg/L over a period of 5 years.  No correlation between ammonia 


concentration and number of eggs produced was observed in the parental generation.  Ammonia concentrations 


in the mid-range resulted in gill lesions and extensive kidney tissue degradation; these injuries were directly 


correlated with ammonia concentrations above 0.04 mg/L, after extended (4 months) of exposure.   


Short-term studies are more germane to this analysis as we don’t expect salmonids to remain in the mixing 


zones or the action area for an extended period of time.  The mean residence time for juvenile Chinook in the 


lower River was 7.4 days (see Section 3.1.1.4); we have no information to suggest that it would differ for juvenile 


steelhead.  Bull trout will be attracted to the juvenile salmonids as prey and they also overwinter in the Lower 


Puyallup.  Adult Chinook and steelhead salmon will be migrating up River to spawn and are not expected to 


linger.  Therefore, toxicity studies with exposure periods from one week to a month will be more useful in 


determining the potential for effects in juveniles and longer term studies would also be useful in determining 


effects in subadult and adult bull trout.  


Various endpoints have been measured in fish exposed to unionized ammonia; changes in both physiology and 


behavior which could lead to measurable effects have been documented.  Smith et al., 1984 conducted a 96-


hour acute test using 30-day old bluegills (Lepomis macrochirus) (Smith 1984).  They measured survival and 


growth of individuals and determined that the no observable adverse effect concentration (NOAEC) and lowest 


observable adverse effect concentration (LOAEC) for these parameters was 0.063 mg/L NH3 and 0.136 mg/L, 


respectively.  Bader and Grizzle (1992) exposed catfish (Ictalurus punctatus) fry to ammonia in a 7-day static 


renewal test.  An IC20 for fry growth was determined by Environment Canada  (1999) at 0.162 mg/L un-ionized 


ammonia (Canada 1999).  There was no incremental mortality up to 0.490 mg/L exposure (Bader 1992).   


Swimming performance in coho salmon (O. kisutch) and rainbow trout was investigated by (Wicks 2002) by 


exposing fish to sublethal levels of ammonia in water with a pH of approximately between 5.99 and 6.0 and a 


water temperature between 9 :C and 12 :C  The working hypothesis was that swimming intensifies ammonia 


toxicity in fish.  In order to test swimming performance the fish were made to swim to exhaustion.  Indeed they 


determined that swimming performance was significantly reduced at concentrations of 0.04 and 0.08 mg/L NH3.  


Moreover, they demonstrated that plasma ammonia levels in exercised fish were correlated with increasing 


ambient ammonia concentrations.   


Using the modified Fisher model to estimate the concentrations of unionized ammonia in the action area we 


projected that the approximate concentrations of un-ionized ammonia during the critical period (1.0 percent of 
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the total, based on ambient pH and pKa) ranges from 0.01 mg /L at the point of discharged to 0.004 at the 


downstream edge of the chronic mixing zone. 


 


   


FIGURE 8. CONCENTRATION OF UNIONIZED AMMONIA WITHIN THE ACTION AREA   


As presented above, effects in fish from short-term exposure to NH3 have been observed at low, less than 1.0 


mg/L concentrations, specifically ranging from 0.04 to 0.16 mg/L.  In order to determine if the concentration of 


unionized ammonia discharged into the River will be present at levels that represent an adverse effect, EPA 


considered the following information:  


1) the data measured by the City of Puyallup (Table 17 and Table 18); 


2) the modeled exposure concentrations (Figure 8, Attachment 3); 


3) the background concentrations (Table 11); and 


4) the Puyallup Tribes WQS (Table 27). 


EPA then compared these data to the effect level that resulted in a reduction is swimming performance in Coho 


(Wicks 2002).  Comparing the sublethal effect level developed by Wicks et al., (2002) to the values in Table 27 we 


find that they are lower than the predicted unionized ammonia data collected by the City of Puyallup and the 


estimated values generated by the model.  Additionally, the effect levels exceed the unionized ammonia 


background and chronic WQS concentrations.   


Ammonia limits in the permit were also set with consideration given to the preventative TMDL which 


established restrictive BOD5 and ammonia wasteload allocations for this facility.  TMDL restrictions were used in 


the permit wherever they were found to be more conservative than limits based on Tribal water quality criteria 


and ambient conditions.  For these reasons, and the fact that the sublethal effect levels identified by Wicks et 


al., (2002) are below the measured, modeled, background and chronic WQS, we have determined that exposure 


to ammonia in the action area will not result in measureable effects to listed salmonids.  
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TABLE 27. SUMMARY OF MEASURED AND MODELED RECEIVING WATER CONCENTRATIONS COMPARED TO 


BACKGROUND AND THE PUYALLIP TRIBES WQS FOR TOTAL AND UNIONIZED AMMONIA  


Pollutant Instream 


Measurement  by 


City of Puyallup 


(max/mean; mg/L)1 


Predicted using 


Modified Fisher 


Model (mg/L) 1 


Background 


Concentration 


(max/mean; 


mg/L)3 


Puyallup Tribe WQS 


Acute/Chronic (mg/L) 4 


Total 


(max/mean) 


0.35/0.10 0.44 0.1-0.02 N/A 


Unionized2 


(max/mean) 


0.004/0.001 0.004 0.001/0.0002 0.085 / 0.019 (Nov-Apr) 


0.140/ 0.031 (May-Oct) 


Notes: 
1 Within and at the edge of the chronic mixing zone 
2Assuming 1% of total is unionized (function of instream pH and temperature) 
3Background data from Station #10A070 (1990-2007 data) 
4 See Table 3; Tribal standards are in unionized form 


     


 


6.3 pH 
The pH of natural waters is a measure of the acid-base equilibrium achieved by the various dissolved 


compounds, salts, and gases in the water and is an important factor in the chemical and biological systems of 


natural waters.  The pH of fresh waters is usually stable because of the buffering capacity from strong basic 


cations such as sodium, potassium, and calcium.  Normal pH values in fresh water range from 6.5 to 8.5.   


Changes in pH affect the degree of dissociation of weak acids and bases and thus, directly affect the toxicity of 


many compounds.  The primary concern with changes in pH for fish in the fresh water environment is that pH 


changes can substantially affect the chemical forms and toxicity of other substances.  For example, the acute 


toxicity of ammonia has been shown to increase as pH decreases.  In addition, pH affects the solubility of metal 


compounds present in the water column and sediments of aquatic systems, thereby influencing the exposure 


dose of metals to aquatic species.  


A National Academy of Sciences review indicated that plankton and benthic invertebrates are probably more 


sensitive than fish to changes in pH and that mature forms and larvae of oysters are adversely affected at the 


extremes of the pH range of less than 6.5 and greater than 9.0 (National Academy of Sciences (NAS) 1974).  In 


Quality Criteria for Water (EPA 1986) EPA concluded that a pH within the range of 6.5 to 9.0 s.u. provides 


adequate protection for the life of freshwater fish and bottom dwelling invertebrates.  Outside of this range, fish 


suffer adverse physiological effects, increasing in severity as the degree of deviation increases until lethal levels 
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are reached.  All the available data indicates that the pH within the compliance zone will be in this normal range.  


The City of Puyallup measured pH downstream of the discharge point within the compliance zone (chronic 


mixing zone) from 2003 to 2010; during this time period the pH varied from 6.9 to 7.6.  Additionally, the 


background pH ranges from 7.73 to 7.78 (95 percentile) depending on the season (Table 7).  EPA anticipated 


that the pH will not range beyond these levels, that they will be in compliance with the Puyallup WQS, and they 


will not result in measureable effects to listed salmonids.   


6.4 DISSOLVED OXYGEN 


The amount of dissolved oxygen (DO) in streams is dependent on a number of factors: 1) the water 


temperature, 2) the quantity of sediment in the stream, 3) the amount of oxygen taken out of the system by 


respiring and decaying organisms, and 4) the amount of oxygen put back into the system by photosynthesizing 


plants, stream flow, and aeration. Oxygen levels are highest in the surface water portion of fresh water rivers.  


Atmospheric exchange occurs at the surface and sufficient light can penetrate surface waters to allow the 


oxygen-releasing processes of photosynthesis to occur (Davis 1975a).  In the euphotic zone, photosynthesis may 


exceed respiration and there is a net production of oxygen; below the euphotic zone, a net consumption of 


oxygen occurs (Randall and Smith 1967; Davis 1975b).  


Oxygen is essential for the respiration of most fresh water organisms.  Reduced oxygen levels have been shown 


to cause lethal and sublethal effects (physiological and behavioral) in a variety of organisms, especially in fish.  


Physiological studies indicate that reduced DO levels restrict the ability of fish to maximize metabolic processes 


(Birtwell 1989).  Consequently, the growth rates of fish are affected by reduced DO levels; reductions in the 


growth rate of salmon have been recorded at levels as high as 7 mg/L (EPA 1986).  Sockeye salmon showed signs 


of elevated blood and buccal pressure and an increased breathing rate at concentrations below 5.07 mg/L 


(Randall and Smith 1967). 


As oxygen availability is reduced in the aquatic environment, fish respond by attempting to maintain oxygen 


uptake by modifying their behavior, including avoidance, reduced feeding, and reduced swimming capacity.  


Under simulated estuarine conditions, juvenile Chinook salmon avoided DO levels <7 mg/L (Birtwell 1989).  For 


the Coho salmon, DO concentrations lower than 4.5 mg/L caused erratic avoidance behavior (Whitemore 1960).  


Reduced maximum swimming speeds were observed in coho and sockeye salmon below the ranges of 


11.3percent (9.17 mg/L) and 9.17percent (8.53 mg/L), respectively (Davis 1963);(Brett 1964).  Reduced disease 


resistance and fecundity have also been reported for fish living under depressed DO conditions (Davis 1975a; 


Davis 1975b) (Sprague 1985). 


Solubility of oxygen decreases as temperature increases and decreases with decreasing atmospheric pressure 


associated with elevation or barometric change of weather.  High water temperature, which reduces oxygen 


solubility, can compound the stress on fish caused by marginal dissolved oxygen (Bjornn 1991).  As with other 


constituents; metals, suspended solids, and temperature; the early life stages of fish (egg, embryo, alevin) are 


the most sensitive life stage to alterations of dissolved oxygen.  Juvenile salmonids may be able to survive when 


dissolved oxygen concentrations are relatively low (< 5 mg/L), but growth, food conversion efficiency, and 


swimming performance will be adversely affected.  
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High effluent BOD5 concentrations can result in low dissolved oxygen conditions that could affect fish.  


Ammonia can also contribute to dissolved oxygen depression.  A preventative TMDL was prepared in 1993 after 


modeling projections identified a potential DO problem in the future once dischargers had reached their 


discharge capacities.  Waste load allocations developed as a part of the TMDL were incorporated where 


appropriate in the draft permit reissuance.  Additional studies related to DO in the Puyallup River have been 


conducted since then.  In their Water Resources Investigations Report #02-4146 (Concentrations of Dissolved 


Oxygen in the Lower Puyallup and White Rivers, Washington, August and September 2000 and 2001), the U.S. 


Geological Survey reported that in August and September 2001, concentrations of dissolved oxygen in the lower 


Puyallup River did not fall below the water-quality standard of 8 mg/L except at high tide when saline water 


from Commencement Bay reached the monitor at river mile 2.9.  The minimum concentration of dissolved 


oxygen (7.6 mg/L) observed at river mile 2.9 coincided with the maximum value of specific conductance. 


Because the dissolved-oxygen standard for marine water is 6.0 mg/L, the standard was not violated at river mile 


2.9.  In their subsequent Water Resources Investigations Report #03-4177, the U.S. Geological Survey reported 


dissolved oxygen concentrations in a cross section of the Puyallup River estuary at high tide on September 12, 


2002.  The concentrations ranged from 9.9 to 10.2 mg/L in fresh water at the surface and from 8.1 to 8.4 mg/L in 


salt water near the riverbed.  These values were within limits set by Washington State water-quality standards 


for dissolved oxygen of 8 mg/L in fresh water and 6 mg/L in marine water.  Both studies were done in 


conjunction with Ecology and the Puyallup Tribe. 


Also, in an effort to better understand the DO impacts of the Puyallup WWTP discharge itself, EPA estimated the 


dissolved oxygen deficit using a modified Streeter-Phelps equation to incorporate dissolved oxygen reductions 


resulting from carbonaceous and nitrogenous biological oxygen demand, atmospheric reaeration, and an initial 


DO deficit.  The critical (lowest) DO concentrations expected as a result of the treatment plant discharge were 


found to exceed 9 mg/L year-round.  These dissolved oxygen concentrations are greater than the minimums set 


by applicable water quality standards and they exceed DO concentrations cited in literature at which salmonids 


were found to be adversely impacted.  Direct measures of dissolved oxygen that were lower than these critical 


DO concentrations (noted in the 2000-2002 studies) can be attributed to the tidal introduction of salt water into 


the lowest reaches of the Puyallup River.  Consequently, the DO impacts resulting from the upriver Puyallup 


WWTP discharge is not considered likely to adversely affect listed salmonids. 


6.5 TEMPERATURE 


Water temperature is one of the most important physical factors affecting fresh water organisms. Metabolic 


rate and the reproductive activities of aquatic life are controlled by water temperature.  Metabolic activity 


increases with a rise in temperature, thus increasing a fish’s demand for oxygen; however; an increase in stream 


temperature also causes a decrease in DO, limiting the amount of oxygen available to these aquatic organisms.  


With a limited amount of DO available, the fish in this system will become stressed.  A rise in temperature can 


also provide conditions for the growth of disease-causing organisms.  Chemical equilibrium constants, solubility, 


and the rates of chemical reactions are temperature dependent (Whitehouse 1984).  Water temperature for 


streams varies with season, elevation, geographic location, and climatic conditions and is influenced by stream 


flow, streamside vegetation, groundwater inputs, and water effluent from industrial activities.   
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Most fresh water organisms are poikilotherms (i.e., cannot regulate their internal temperatures).  As a result, 


biological processes, such as photosynthetic and respiration rates, spawning, uptake of toxic substances, and 


behavioral patterns, are all responsive to changes in temperature (Strickland 1965); (Houston 1982); (Aiken 


1990).  Because water temperature is important to biological process and the fresh water environment is 


variable with respect to temperature, organisms must be responsive to this variability.  Many fresh water 


organisms can adjust to alterations in ambient water temperatures through a variety of biological responses.  


This ability to acclimate, can include behavioral, morphological, physiological, or biochemical responses.  The 


length, frequency, and severity of exposure to temperature extremes, as well as thermal history, are important 


determinants of an individual organism’s response to temperature changes and ability to acclimate (Fry 1971); 


(Hochachka 1971); (Thompson 1985). 


Water temperature affects the distribution, health, and survival of native salmonids and other aquatic 


organisms by influencing their physiology and behavior.  Temperature-dependent life stages for salmonids 


include spawning, egg incubation, emergence, rearing, smoltification, migration, and pre-spawn holding. Small 


increases in temperatures (e.g., 2-3°C) above biologically optimal ranges can begin to reduce salmonid fitness in 


some of these life stages (Poole et al. 2001).   


Water temperature changes that are not lethal can produce a wide variety of significant sublethal effects.  For 


example, temperature changes can significantly affect respiration, susceptibility to disease, osmoregulation, 


uptake of pollutants, susceptibility to the toxic effects of pollutants, and various behavioral patterns, including 


physical activity, reproduction, feeding, growth, migration, distribution, intra- and inter-specific competition, 


predator–prey relationships, community composition, and parasite–host relationships (Kinne 1963).  


 In April 2003, EPA Region 10 issued a document titled, Guidance for Pacific Northwest State and Tribal 


Temperature Water Quality Standards (EPA 2003).  The document contains provisions to protect salmonids from 


thermal plume impacts, and presents the following findings from scientific literature regarding potential adverse 


impacts that may result from thermal plumes:  


 Exposures of less than 10 seconds can cause instantaneous lethality at 32°C (WDOE 2002).  


 Thermal shock leading to increased predation can occur when salmon and trout exposed to near 


optimal temperatures (e.g. 15°C) experience a sudden temperature increase to 26-30°C for a 


short period of time (Coutant 1973 in  (EPA 2003). 


 Adult migration blockage conditions can occur at 21°C.  


 Adverse impacts on salmon and trout spawning, egg incubation, and fry emergence can occur 


when the temperatures exceed 13°C.  


Subsequent to the issuance of the Region 10 Guidance EPA completed a Section 7 Consultation with the Services 


on promulgation of the Water Quality Standards for temperature and dissolved oxygen in 2007.  The scientific 


rationale and basis for EPA’s recommended criteria is described in the Region 10 Temperature Guidance and the 


supporting six Technical Issue Papers (Routledge 1998; Larsson 1999; Schultz 2003).  Two independent peer 


review panels provided comments and scientific issue papers on the development of the temperature 


standards.  The data indicate the following effects to salmonids at various temperatures: 


 Gamete viability in holding adults is reduced at temperatures over 13 °C 
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 Optimal temperatures for spawning and egg incubation are between 2 °C and 6 °C  


 Optimal temperatures for juvenile rearing are in the range of 8 °C to 12 °C  


 The distribution and abundance of bull trout is limited at temperatures over 15 °C 


 Increased risk of disease and reduced fitness occurs during prolonged exposure at temperatures over 18 


°C 


 Migration is blocked at temperatures over 20 °C 


EPA guidance states that the thermal plume should be limited so that temperatures exceeding 13°C do not occur 


in the vicinity of active spawning and egg incubation areas.  This is the case with the City of Puyallup discharge. 


Salmon and bull trout do not spawn in the action area, the nearest salmon spawning is in Clarks Creek a 


tributary to the Lower Puyallup River 1.1 miles from the point of discharge.  Because spawning does not occur in 


the mainstem Puyallup River the temperature restrictions that relate to spawning do not apply to the action 


area.   


The 90th percentile upstream background temperature in the Puyallup River and the 99th percentile effluent 


temperature were evaluated in a simple dilution model to estimate the worst-case temperatures within the 


mixing zone.  This simple dilution evaluation makes use of dilution factors that theoretically limit the amount of 


river flow to no more than 2.5% of the critical river flow for acute zone mixing and 25% for chronic zone mixing.  


These constraints were used to evaluate the need for a temperature limit in the permit, which was found to be 


unnecessary at this time.  Nevertheless, the temperature at the edge of the chronic mixing zone under these 


assumptions was 16.0 °C, and the temperature at the edge of the acute mixing zone was 19.4 °C.  Water 


temperature at the edge of the acute mixing zone is predicted to be 19.4 °C, it follows that the temperature 


within this zone exceeds this temperature.  However, there is another way to look at temperature in the 


receiving water.  Using the modified Fischer model to evaluate dilution in the mixing zone yields dilution factors 


that are less stringent, though more representative of actual conditions in the receiving water after the point of 


discharge.  Factors so derived from the model predict a temperature at the edge of the chronic mixing zone of 


16.2 °C, and a temperature at the edge of the acute mixing zone of 16.5 °C.   


Recently the Puyallup Tribe provided temperature data from river monitoring conducted during 2004 and 2007 


at a location upstream of the WWTP discharge.  On occasion, the 7DADMax upstream ambient river 


temperature exceeded the water quality criterion of 18 °C.  This is of course higher than the mixing zone 


modeling results because the former is a detailed snapshot of temperatures taken over two summers and the 


latter considers the 90th percentile of decades of ambient temperature data in addition to the temperature data 


provided by the Tribe.  However, direct measures of ambient temperatures in excess of the water quality 


criterion are more the purview of a temperature TMDL which would look for the root cause of high 


temperatures along the length of the river rather than focus on a point source that is downstream of the 


monitoring station that registered the high ambient temperatures. 
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FIGURE 9. BACKGROUND WATER TEMPERATURE FROM THE PUYALLUP TRIBE  


If salmon and bull trout encounter the acute mixing zone for any length of time the elevated water temperature 


will likely affect their behavior.  As stated above temperatures in excess of 15 °C will limit the distribution of bull 


trout and temperatures in excess of 12 °C are above optimal for juvenile salmonids rearing.  These temperatures 


are likely to occur within the mixing zones, reducing the suitability of this area to salmonid use during the low 


flow periods.  Temperatures are not anticipated to exceed 19.4 °C outside of the acute mixing zone which is a 


localized area 30 ft from the discharge point.  Migrating salmonids will likely be inclined to avoid this area of 


elevated temperature.  During the low flow season when the background ambient River water temperature 


(Figure 9) is elevated these temperatures will likely persist reducing habitat suitability further in the action area.  


Therefore, we conclude that elevated water temperature in the vicinity of the discharge will result in 


measurable effects to listed salmonids. 


6.6 BACTERIA 


Fecal coliform bacteria are found in the feces of warm-blooded animals.  These bacteria are discharge to 


waterbodies from dairy and livestock operations, wastewater treatment facilities, and aquaculture facilities.  


When discharged to waterbodies, fecal coliform metrics can indicate the presence of other disease-carrying 


organisms (pathogens).  Human exposure to pathogens occurs during boating, swimming, or playing in water 


where they can enter the body through cuts, abrasions, mucus membranes, or swallowing water.  Where fecal 


coliform excesses are found, there are commonly other related water quality problems such as excess nutrients, 


low dissolved oxygen, and or high ammonia concentrations.  This draft permit includes bacteria limits in the 
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effluent that are protective of human health.  EPA found no information to suggest that fecal coliform limits that 


are protective of humans would be excessive to aquatic organisms.   


6.7 ARSENIC  


Arsenic occurs naturally in aquatic environments in trace amounts. Arsenic enters waters from rock weathering 


and soil erosion.  Typical concentrations for background freshwater streams and rivers are less than 1 μg/L 


arsenic (As) (Moore and Ramamoorthy 1984).  Arsenic is used in manufacturing of wood preservatives and glass.  


Compounds of arsenic are used in herbicides and pharmaceuticals.   


The toxicity of arsenic can be altered by a number of factors including pH, redox potential, organic matter, 


phosphate content, suspended solids, presence of other toxicants, speciation of the chemical itself, and the 


duration of exposure to arsenic.  Temperature has been shown to alter the toxicity of arsenic.  In fish, tolerance 


of arsenic appears to increase with temperature; (McGeachy 1990a; McGeachy 1990b) in (EPA 1999) whereas 


the opposite is true for invertebrates (Bryant 1985) in (EPA 1999).  Inorganic forms of arsenic (As +3) are typically 


more toxic to aquatic species, particularly the more sensitive early life stages (Eisler 1988a) in (EPA 1999).  


Arsenic toxicity data for freshwater fish includes acute data for rainbow trout and coho salmon.  Spehar et al., 


(1980) determined the 96-h LC50 in adult rainbow trout was 23,000 μg/L As +3 (Spehar 1980).  Buhl and Hamilton 


(1990) determined the 96-h LC50 of As +3 in coho salmon alevin and juveniles was 49,400 μg/L and 18,500 μg/L, 


respectively (Buhl 1990).  There are several studies looking at chronic toxicity of arsenic in salmonids.  Speyer 


and Leduc (1975) reported decreased weight gain in juvenile rainbow trout exposed for 21 days to 1,000 μg/L 


arsenic (Speyer 1975).  Johnson and Finley (1980) reported the 28-d LC0 as 960 μg/L for As +3 (Johnson 1980).  


Birge et al., (1980, 1981) studied chronic arsenic exposure in rainbow trout embryos and found the 28-d LC50 


was 550 μg/L As +3 (Birge 1980) (Birge 1981).  Nichols et al., (1984) exposed coho salmon (O. kisutch) fry 30, 100 


or 300 μg/L as arsenic trioxide for 6 months in freshwater and the smolting fry were then transferred to 


seawater for an additional 6 months (Nichols 1984).  Survival and growth were not affected by arsenic exposure, 


however, migration of trout released after the arsenic exposure was significantly reduced at the highest 


concentration (300 μg /L).  The lowest sublethal effect tested in a chronic toxicity test resulted in a no effect 


level on smoltification in a salmonid was 100 μg /L.    


EPA utilized the modified Fischer approach using a two-dimensional advection dispersion equation to predict the 


concentrations of arsenic as it is discharged and mixes with receiving waters while moving downstream from the 


point of discharge.  EPA used the maximum effluent concentration (measured as total recoverable) as the input 


parameter for arsenic (1.4 µg/L).  The maximum effluent concentration in addition to the concentrations within 


the downstream compliance zone (Figure 10) are approximately three orders-of-magnitude below both the 


lowest sublethal effect level (100 μg/L) and the Puyallup Tribe’s chronic water quality standard for arsenic (190 


µg/L).  Additionally, according to the modeling the dissolved arsenic concentration in the effluent plume dilutes 


to background (0.59 μg /L) within one foot of the discharge point.  Finally, the chronic exposure periods 


discussed above are in line with our expectations for residence time of juvenile Chinook (and by association bull 


trout) in the lower Puyallup River (see Section 3.1.1.4).  The model assumes that the concentration of arsenic in 


River is 0.0 mg/L which is appropriate to parse out the contribution from the proposed action.  However, when 


considering the overall effects of an action they must be considered along with the environmental baseline (50 
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CRF 402.2). The background total recoverable arsenic concentration in the lower Puyallup River is 1.03 µg/L.  


Adding this background to the arsenic concentration in the chronic mixing zone results in an exposure 


concentration of approximately 1.1 µg/L.  Comparing this concentration to the sublethal effect level (100 µg/L), 


the exposure concentration is still well below a level of concern. 


 


 


FIGURE 10. PREDICTED CONCENTRATION OF TOTAL ARSENIC IN THE ACTION AREA 


Arsenic does not readily bioconcentrate (an increase in concentration of a substance in relation to the 


concentration in the ambient environment) in aquatic species.  It is typically water soluble and does not 


combine with proteins.  Planktivorous fish are more likely to concentrate arsenic than omnivorous or piscivorous 


fishes (Hunter 1981).  In 1995, Robinson et al., (1995 in (EPA 1999) found no evidence of arsenic uptake or 


accumulation from water in both rainbow and brown trout (Robinson 1995).  Eisler (1988a) also found no 


evidence that biomagnification of arsenic (a progressive increase in concentration from one trophic level to the 
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next higher level) occurs in aquatic food chains (Eisler 1988a).  Aquatic invertebrates have been noted to 


accumulate arsenic more readily than fish, also an indication that biomagnification is unlikely (Spehar 1980).   


Therefore, because 1) the maximum concentration of total arsenic is well below both the no effect level for 


smoltification and the Puyallup Tribe’s chronic water quality standard, 2) the predicted concentration of arsenic 


dilutes to background within one foot of the discharge point, 3) the concentration of arsenic III is anticipated to 


be even lower, and 4) arsenic is not expected to bioaccumulate or biomagnify in the aquatic food chain we have 


determined that exposure to arsenic in the action area as a result of the WWTP discharge will not result in 


measureable adverse effects to Chinook, steelhead  or bull trout.   


6.8 CADMIUM  


Cadmium occurs naturally in the aquatic environment.  It has no known biological use and is considered one of 


the most toxic metals.  Cadmium is mainly recovered as a byproduct from the smelting of zinc and other metal 


ores, and from precipitates obtained during the purification of zinc sulphate.  Anthropogenic cadmium emissions 


have greatly increased cadmium presence in the environment.  Major pathways for entering the aquatic 


environment are atmospheric fallout and effluents from smelting and refining industries.  Most cadmium 


entering water bodies eventually becomes associated with bottom sediments. In aquatic systems, cadmium 


quickly partitions to sediment, but is readily remobilized through a variety of chemical and biological processes 


(Currie 1997) in (EPA 1999).  The most important factors determining the fate of cadmium in aquatic systems 


include pH, hardness, redox potential, and the type and relative abundance of organic ligands, hydroxides, and 


anions present, as cadmium has a high affinity for negatively charged particle surfaces.  Changes in 


environmental conditions, however, such as reduced pH, changes in redox status and biological and chemical 


oxidation of organic matter, may enable cadmium to be remobilized and transported to other compartments of 


the ecosystem (CCME 1996). 


Data on the acute toxicity of cadmium were available for rainbow trout and Chinook salmon. Chapman  


(1978) determined that the 96-h LC50 for swimup and parr Chinook salmon was 1.8 and 3.5 μg/L, respectively, at 


a water hardness of 23 mg/L CaCO3 (Chapman 1978).  They also calculated the 96-h LC50 for rainbow trout parr 


and swimup at 1.0 and 1.3 μg/L, respectively, at a water hardness of 23 mg/L CaCO3.  Chronic data was also 


available for rainbow trout and Chinook salmon.  Chapman and Stevens (1978) determined that the 217-h LC50 


for juvenile Coho salmon at a water hardness of 22 mg/L CaCO3 was 2.0 μg /L.  Chapman (1978) calculated the 


200-h LC10 for rainbow trout swimup, parr and smolt as 1.0, 0.7 and 0.8 μg/L, respectively (Chapman 1978).  For 


comparison the mean hardness within the mixing zones is 33 mg/L CaCO3.   


Sublethal effects from long-term exposure of bull trout to cadmium (as CdCl2) were investigated by Hansen et 


al., (2002).  The endpoints of interest included growth and survival of juveniles exposed to low (less than 1.0 


µg/L).  The exposures were conducted for 55 days in water at 30 mg/L hardness and pH of 7.5 and temperature 


of 8 :C.  Hansen et al., (2002) measured a statistically significant reduction in growth in fish exposed for up to 20 


days in only the highest 0.786 μg/L concentration tested.  Longer term exposures (40 days) of fish at all 


concentrations did not result in significantly reduced growth; however these fish were smaller than control fish.  


Survival was not affected except at the highest concentration tested (0.786 μg/L), at this level there was a 36 


percent reduction in survival and a 28 percent reduction in weight in test fish compared to control fish.  The 
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lowest sublethal effect tested in a chronic toxicity test resulted in an effect on growth in juvenile bull trout when 


exposed to 0.786 μg/L; this concentration also resulted in mortality.  Although fish tested at concentrations 


0.052 μg/L were smaller than controls, fish exposed to higher concentrations were not; therefore Hansen et al., 


(2002) assumed that this was an artifact of sampling or due to some other unknown cause.  Ultimately, they 


concluded that the significant reduction in growth only occurred at the 0.786 μg/L exposure concentration.   


To predict exposure concentrations we utilized the modified Fischer model to predict the concentrations of 


cadmium in the receiving waters as effluent mixes into the background while moving downstream from the 


point of discharge (Figure 11).  EPA used the maximum effluent concentration as the input parameter for 


dissolved cadmium (0.16 µg/L).  The dissolved cadmium concentration in the effluent plume quickly dilutes to 


background (0.02 μg/L) within a foot of the point of discharge.  This is below the Puyallup Tribes chronic water 


quality standard (0.34 μg/L).  The model assumes that the concentration of cadmium in the River is 0.0 mg/L 


which is appropriate to parse out the contribution from the proposed action.  However, when considering the 


overall effects of an action they must be considered along with the environmental baseline (50 CRF 402.2).  The 


background cadmium concentration in the lower Puyallup River is 0.02 µg/L.  Adding this background to the 


cadmium concentration in the chronic mixing zone results in an exposure concentration of approximately 0.03 


µg/L.  Comparing this concentration to the sublethal effect level (0.786 µg/L), the exposure concentration is still 


well below a level of concern. 
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FIGURE 11. PREDICTED CONCENTRATIONS OF DISSOLVED CADMIUM IN HTE ACTION AREA 


Hansen et al., (2002) discovered that fish were accumulating cadmium in their tissues at all concentrations 


tested but that this accumulation was mediated by induction of metallothionein which is a detoxifying 


mechanism in fish and mammals.  Omnivorous and insectivorous predators tend to accumulate cadmium in 


their tissues more than piscivorous predators (Scheuhammer 1991).  Saiki et al., (1995) found no evidence of 


biomagnification in steelhead on the Upper Sacramento River (Saiki 1995).  Eisler (1985a) also maintains that 


evidence for cadmium biomagnification suggests that only the lower trophic levels exhibit biomagnification 


(Eisler 1985a). 


In summary, EPA has determined that exposure to cadmium in the action area as a result of the WWTP 


discharge is not likely to result in measurable adverse effects in Chinook, Steelhead and bull trout for the 


following reasons: 


1) the predicted exposure concentration (0.03 μg/L; Figure 11) of cadmium is lower than the no effect level 


(0.052 μg/L) for growth in bull trout after an extended exposure period and is an order of magnitude 


lower than the Puyallup Tribe’s chronic water quality standard for cadmium; 


2) there was no significant difference between test and control fish with regard to growth; 


3) cadmium accumulation, while it occurs, appears to be mediated by detoxifying mechanism and do not 


result in mortality; and 


4) the predicted concentration of dissolved cadmium dilutes to background levels within a foot of the 


discharge point and never reaches the no effect level.   


6.9 CHROMIUM 


Chromium (Cr) is an essential trace element that can be toxic to aquatic biota at elevated concentrations.  


Chromium can exist in nine different oxidation states from -II to +VI.  Compounds with chromium oxidation 


states of (II) are strongly reducing while (VI) compounds are strongly oxidizing.  Oxidation states of (II), (III), and 
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(VI) are the most common with (III) being the most stable.  Oxidation state (V) compounds are unstable, while (-


II), (-I), (0), (I), and (IV) compounds are rare.  Cr(VI) is the principal species found in surface waters and aerobic 


soils while Cr(III) dominates in mildly reducing environments such as sediments and wetlands (Bailar 1973).  


Natural atmospheric sources of chromium include volcanic emissions, forest fires, vegetative debris, and marine 


aerosols.  


The bulk of toxicity data for aquatic species relates to the Cr +6oxidation state as this is the most toxic form of 


the element.  Unfortunately, monitoring data is not routinely available for the various oxidation states namely Cr 
+3 and Cr +6, but is for total chromium.  The effects of chromium to aquatic biota are summarized from the 


literature review from (Canada 1997; Pawlisz 1997).   


The acute toxicity estimates range from 0.1 mg/L for rainbow trout (O. mykiss) (72-h LC50) to 930 mg/L for 


bluegill (Lepomis macrochirus) (24-h LC50).  Estimates of chronic toxicity of hexavalent chromium to freshwater 


fish range from 0.01 mg/L (10 µg/L) for Atlantic salmon (Salmo salar) (360-h increase in hatching time) to 74.9 


mg/L for climbing perch (Anaba scandens) (30-d LC50). 


The estimates of chronic toxicity of Cr +3 for freshwater fish range from 0.006 mg/L for rainbow trout (O. mykiss) 


(reduced growth) to 110 mg/L for climbing perch (A. scandens) (30-d LC50).  Acute toxicity estimates for more 


than 10 fish species range from 3.3 mg/L for guppies (Lebistes reticulates) (96-h LC50) to 77.5 mg/L for fathead 


minnows (P. promelas) (24-h LC50).  The no-observed-effect-concentration (NOEC) for fathead minnows ranges 


from 3.0 mg/L (3,000 µg/L) for growth to 12.0 mg/L (12,000 µg/L) for survival after a 7 day exposure to trivalent 


chromium.     


EPA conducted an extensive review of the chromium literature in addition to an evaluation of species sensitivity 


for all species evaluated.  They determined that rainbow trout (steelhead) were more sensitive than the fathead 


minnow.  Stevens and Chapman (1982) conducted both acute and chronic early like stage tests with rainbow 


trout to evaluate both lethal and sublethal effect from exposure to Cr+3.  The duration of the chronic tests was 


consistent with the exposure duration expected for juvenile salmonids and overwintering subadult bull trout.  


The tests were run for 30 days and 102 days.  Minor reductions in growth (not statistically significant) were 


observed at 48 µg/L and 89 µg/L.  Stevens and Chapman (1982) conclude that the chronic toxicity threshold was 


bounded by a 30 µg/L for no apparent affect and an unacceptable toxic concentration of 157 µg/L (Stevens 


1982).   


Invertebrates are the most sensitive organisms to Cr+6.  Among the more than 40 invertebrate species studied, 


the chronic toxicity effects range from 0.01 mg/L for Ceriodaphnia dubia (14-d LOEC) to 1000 mg/L for 


Chironomus tentans (decrease in rest time), while acute toxicity effects range from 0.015 for daphnids 


Simocephalus vetulus and Daphnia magna (24-h EC50) to 500 mg/L for the crayfish Procambarus clarkii (96-h 


LC40) (Canada 1997); (Pawlisz 1997). 


Chronic toxicity of Cr+3 to invertebrates ranges from 0.6 mg/L for D. magna (50percent reproductive impairment) 


to 32 mg/L for stonefly Acroneria lycorias (168-h LC50).  Acute toxicities in more than 12 invertebrate species 


range from 1.2 mg/L for D. magna (64-h EC50) to 937 mg/L for Asellus aquaticus (48-h LC50).   
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In order to predict an exposure concentration we utilized the modified Fischer model which predicts the 


concentration of total dissolved chromium as it is discharged and mixes with receiving waters while moving 


downstream from the point of discharge.  EPA used the maximum effluent concentration as the input parameter 


for dissolved chromium (2.7 µg/L) which is less that the no apparent effect level for rainbow trout (30 μg Cr+3/L; 


(Figure 12).  Effluent chromium concentrations quickly dilute to background levels (0.26 μg/L) within two feet of 


the discharge point which is below the Puyallup Tribes chronic water quality standard (67.59 μg/L).   


 


 


FIGURE 12. PREDICTED CONCENTRATION OF DISSOLVED CHROMIUM IN THE ACTION AREA 


The model assumes that the concentration of chromium in River is 0.0 mg/L which is appropriate to parse out 


the contribution from the proposed action.  However, when considering the overall effects of an action they 


must be considered along with the environmental baseline (50 CRF 402.2).  The background chromium 


concentration in the lower Puyallup River is 0.26 µg/L.  Adding this background to the chromium concentration 
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in the chronic mixing zone results in an exposure concentration of approximately 0.38 µg/L.  Comparing this 


concentration to the sublethal effect level (30 µg/L), the exposure concentration is still well below a level of 


concern. 


While chromium can bioconcentrate to some extent in aquatic plants, it does not seem to bioaccumulate in fish 


or invertebrates, and chromium body burdens remain low even in contaminated water (Canada 1997); (Pawlisz 


1997). 


In summary, EPA has determined that exposure to chromium in the action area as a result of the WWTP 


discharge is not likely to result in measurable adverse effect to Chinook, steelhead, bull trout or their prey for 


the following reasons: 


1) the predicted exposure concentration in the action area (0.38 μg/L; Figure 12) is two orders of 


magnitude lower than the trivalent chromium no effect level (30 μg/L) for survival and growth in 


rainbow trout and the Puyallup Tribe’s chronic water quality standard (67.6 μg/L); and 


2) the predicted concentration of dissolved cadmium dilutes to background levels within two feet of the 


discharge pipe and never reaches the no effect level.   


6.10 COPPER 


Copper occurs naturally in the environment and is an essential element for most organisms as a component of 


some oxidative enzymes. While copper may form complexes with suspended organic matter, it will ultimately 


settle out of the water column and deposit in the sediment (EPA 1984).  Concentrations of copper associated 


with unpolluted freshwater systems are estimated to range between 0.5-1.0 μg/L (Moore and Ramamoorthy 


1984), (Groth 1971): in (EPA 1999).  The toxicity of copper to aquatic organisms is dependent on the speciation 


of the chemical itself, water hardness, and the type and life stage of the exposed organisms.  


In fish, the toxicity of copper appears to be inversely related to the tendency of the metal to bind with the 


external gill surface via ionic interactions.  A lower affinity of the gill surface to copper leads to a greater 


likelihood of disruption of intracellular processes, which may lead to gill dysfunction (Reid 1991).  Some studies 


have examined the disruption of gill processes by copper.  For example, gill Na+, K+- ATPase activity in Chinook 


parr was unaffected after an 18 hour exposure to stream water with elevated copper levels of 48 µg/L 


(hardness=13.3).  With the same exposure, significant inhibition of gill Na+, K+- ATPase activity was observed in 


smolts.  Significant increases in hematocrit and plasma glucose were also observed in both parr and smolts 


resulting from the same 18 hour exposure (Beckman 1988).  Divalent copper (Cu2+) totally suppressed gill Na+, 


K+- ATPase activity and produced significant cell damage, edema, mucus production, smoothing of apical 


membranes, swelling of tubular system and destruction of mitochondria in rainbow trout at concentrations of 


0.1 and 1 mM CuCl2, also 13.5 and 134.5 mg/L (Sola 1995).  A hardness value was not included in the description 


of this study.  The investigators concluded from this study that bioavailable copper, such as divalent copper, 


immediately damages the hydromineral balance of rainbow trout and causes morphological modifications that 


are irreversible.   


For adult Chinook, an LC50 value was determined as 10 µg/L at a hardness of 13 mg/L (EPA 1984).  In steelhead 


smolts, Chapman (1978) found an LC10 of 7 µg/L (22-25 mg/L hardness) (Chapman 1978).  Buhl and Hamilton 
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(1990) also examined copper effects on rainbow trout and calculated a 96-hour LC50 of 13.8 µg/L (average 41.3 


mg/L hardness) (Buhl 1990).  Brook trout were exposed to copper for 24 hours by Drummond et al., (1973), 


resulting in an LC50 calculation of 9 µg/L (  44-46 mg/L hardness) (Drummond 1973).  


Investigating the sublethal effects Carballo et al., (1995) also found rainbow trout to be more susceptible to the 


microbial parasite, Saprolegnia parasitica, at copper levels of 0.25 mg/L (28.4 mg/L hardness) (Carballo 1995).  


Rainbow trout growth was significantly reduced and whole body copper concentrations elevated in fry after 20 


days of exposure to copper levels of 4.6 µg/L; whereas 90 µg Cu/L caused a 45percent reduction in mean weight 


after 40 days which was sustained through the end of the experiment at day 60 (25-30 mg/L hardness; (Marr 


1996).  In another rainbow trout study, Munoz et al., (1991) observed rapid elevations of plasma cortisol, an 


indicator of stress, after a one hour exposure to 185 ng Cu/L (0.185 ug/L; 12 mg/L hardness) (Munoz 1991).  The 


elevated plasma cortisol levels were maintained throughout the experiment’s duration of 21 days.  While the 


elevated cortisol levels are an indication of stress this endpoint does not necessarily rise to the level of an 


adverse affect.   


A significant amount of research has been conducted by NMFS to investigate the sublethal effects on the 


olfactory system in salmon from short-term exposure to dissolved copper.  Baldwin et al., (2003)  found that 


short pulses of dissolved copper at concentrations as low as 2 µg/L above background (which was 3.0 µg/L in the 


lab water) reduced olfactory sensory responsiveness by approximately 10 percent within 10 minutes, and by 25 


percent within 30 minutes.  At a higher concentration (10 µg/L) sensory responsiveness was lowered by 67 


percent within 30 minutes of exposure.  Baldwin et al., (2003) found that water hardness did not influence the 


toxicity of copper to the Coho salmon sensory neurons (Baldwin 2003).  The authors also cite three other studies 


investigating longer term copper exposures (i.e., exceeding 4 hours).  These studies found that long-duration 


exposures resulted in cell (olfactory receptor neuron) death in rainbow trout and Atlantic salmon (Salmo salar) 


and Chinook.  Sandahl et al., (2007) investigated predator avoidance in juvenile salmon when confronted with a 


conspecific alarm pheromone signaling a predation event (Sandahl 2007).  The authors exposed test populations 


to concentrations of 2 µg/L to 20 µg/L for three hours and measured the change in swimming speed and 


predator avoidance behavior.  A significant difference in the sensory responsiveness and pheromone mediated 


predator avoidance behavior was measured at the lowest dose tested, 2 µg/L. 


The 2 ug/L dissolved copper concentrations tested by both Baldwin and Sandahl were unbounded lowest 


observed adverse effect level (LOAEL), which is the lowest concentration tested in both studies that resulted in a 


significant difference between the control and test populations.  In an attempt to predict a no observed adverse 


effect level (NOAEL) value, Hecht et al., (2007) conducted a benchmark concentration (BMC) analysis where they 


statistically fit the dose-response data from Sandahl et al., (2007) to determine NOAEL values based on the 


approach developed by US EPA (1995 as cited in (Hecht 2007).  Using this statistical approach they determined 


that the ability of juveniles to detect and avoid predators would be significantly reduced when fish were 


exposed to dissolved copper concentrations as low as 0.79 ug/L where background was operationally defined as 







75 
 


surface waters with less that 0.3 ug/L dissolved copper.  Hecht et al., (2007) identified a BMC ranging from 0.7922 


to 2.1 µg/L, which they state corresponds to a reduction in predator avoidance behavior of 29 to 57 percent.   


Taking into consideration the background copper concentration (1.33 µg/L) in the lower Puyallup River the BMC 


range put forth by Hecht et al., (2007) ranges from 2.12 µg/L to 3.43 µg/L.  EPA has relied on comparison to the 


Puyallup Tribes WQS in addition to the sublethal effect level (2 ug/L) documented by both Baldwin et al., (2003) 


and Sandahl et al., (2007) to make our effect determination.  EPA did not utilize the BMCs derived by Hecht et 


al., (2007) as the lowest BMC is quite low (0.79 ug/L), perhaps lower than the natural background variability of 


copper.  In the absence of anthropogenic inputs we are assuming that fish are not impaired when exposed to 


natural background levels of copper.  Indeed, according to Hecht et al., (2007) the BMC range they identified are 


“increases of dCu above ambient (defined here as <0.3 ug/L) (Baldwin et al., (2003)”.  Fish have evolved in their 


natural environment in the presence of trace metals, many of which including copper are essential to 


maintaining their health.  Additionally, it is difficult to believe that an organism would be so highly specialized as 


to have the critical functionality of a sensory-behavior pathway so easily disrupted by minor fluctuations of 


copper (or any other naturally occurring element in its environment).  Finally, there must be some resiliency in 


the system as the fish are exposed to various background concentrations of trace metals and are still able to 


respond to behavioral ques.   


To determine if BMCs other sublethal effects levels or Tribal WQSs would be exceeded at the we utilized the 


modified Fischer model to predict the concentrations of copper as it is discharged and mixes with receiving 


waters.  The maximum effluent concentration was used as the input parameter for copper (20.9 µg/L) to predict 


the dilution of copper in the action area (Figure 13).  According to the model output copper dilutes to 


background approximately 11 ft from the point of discharge.  Initially, the predicted concentration of dissolved 


copper inclusive of background copper levels is 2.4 µg/L approximately two feet from the point of discharge; it 


then levels off to approximately 1.02 µg/L. 


The model assumes that the concentration of copper in River is 0.0 µg/L, which is appropriate to parse out the 


contribution from the proposed action.  However, when considering the overall effects of an action they must 


be considered along with the environmental baseline (50 CRF 402.2).  The background copper concentration in 


the lower Puyallup River is 0.94 µg/L.  The 2.0 µg/L that Baldwin et al., (2003) and Sandahl et al., (2007) 


established as an effect level were identified as being above background. 


Total copper was measured each year in October at the upstream (100 ft) and downstream (300ft) edges of the 


compliance (mixing) zones (Table 17 and Table 18).  As discussed previously we have not included the upstream 


monitoring data.  While it is expected that the water quality upstream of the discharge point will be affected to 


some degree by the WWTP effluent, it is highly unlikely that the affect would be measurable 100 ft upstream of 


the discharge.   


                                                           


22 Hecht et al., (2007) state that “Since the predicted fish EOG response at the BMC10 falls well within the 


olfactory response of unexposed juveniles, that is, 95 percent CI (control fish, Figure 3), it is more than likely that 


this individual response (1.08 mV) at the BMC10 (0.18 µg/L) would not be detectable or biologically significant as 


an adverse response”.  
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The flow in the Puyallup River ranges from 1,000 cfs to 8,000 cfs most of the time (Table 17).  Therefore, we 


wouldn’t expect the plume to travel very far upriver.  Furthermore, according to Bill Fox (Cosmopolitan 


Engineering in Litt. February 201223), it is not possible for the effluent to move upriver at this location as there 


are no eddies present which would act a counter current to transport the plume.  Moreover, there is a City of 


Puyallup stormwater outfall pipe located 160 ft from the WWTP discharge and 60ft from the upstream edge of 


the compliance zone where the copper samples were collected (Figure 7).  It is very likely that this discharge is 


contributing copper which is then detected in the compliance monitoring samples 100 ft upriver from the 


WWTP pipe.   


The availability of compliance monitoring data in addition to the model output allows us to use a weight of 


evidence type approach in determining salmonid exposure concentrations.  The City of Puyallup has collected 


total copper data within the downstream compliance zones since 2003; we adjusted this to dissolved copper for 


ease of comparison to benchmark criteria (Table 19).  The total recoverable copper concentration ranged from 


1.6 µg/L to 3.88 µg/L downstream of the point of discharge (Table 17).  Using the metals translator identified in 


Table 8 to parse out the dissolved fraction from the total copper, we estimated that the dissolved copper ranges 


from 1.7 µg/L to 3.02 µg/L downstream of the point of discharge respectively (Table 18).  It should be noted that 


the comparison between the modeled and measured dissolved copper concentrations at 300 ft from the 


discharge are within 0.86 µg/L, which is a fairly robust fit.    


                                                           


23 Email from Bill Fox Cosmopolitan Engineering to Matt DeBoer Cosmopolitan Engineering, February 23, 2012, 


12:42 pm re: Question from EPA Regarding 1995 Puyallup Dilution Model.   
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FIGURE 13. PREDICTED CONCENTRATIONS OF DISSOLVED COPPER IN THE ACTION AREA COMPARED TO 


SUBLETHAL EFFECT LEVELS DEVELOPED BY NOAA  


There are two stormwater outfalls which are very likely influencing the copper concentrations in the City of 


Puyallup’s compliance monitoring data.  They are located 160 ft and 10 ft upstream and downstream of the 


WWTP discharge pipe, respectively (Figure 7).   


Where there is monitoring data for the same time period (primarily in September and October) in both the 


upstream and downstream compliance zones, it’s evident that the maximum dissolved copper concentrations 


are not elevated with respect to the effect levels considered herein (Table 19).  The Puyallup Tribes chronic WQS 


is only exceeded once at the edge of the downstream compliance (mixing zone).  Additionally, the sublethal 


effect level developed by Baldwin et al., (2003) and Sandahl et al., (2007) is only exceeded once by 0.01 µg/L, 
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which is not considered a concern.  Therefore, the modeled and measured dissolved copper concentrations in 


the downstream discharge are not likely to negatively affect salmon and bull trout.  Even with the contribution 


of the stormwater outfall pipe at 1900 River Rd (Figure 7).  


The concentrations of dissolved copper measured at the edge of the upstream compliance zone are elevated 


with respect to the effect levels discussed previously.  They are also elevated in comparison with the Puyallup 


Tribes WQSs.  Over an eight year period the acute criteria (6.97 µg/L) and chronic criteria (3.17 µg/L) were 


exceeded one and four times, respectively at the edge of the upstream compliance zone (Table 17 and Table 


18).  This BE only evaluates the contribution of copper from the WWTP which would very likely not be detected 


100 ft upstream.  Indeed, the contribution from the stormwater outfall is in all likelihood influencing the 


upstream sample results and exceedances of the sublethal effect levels and WQC.   


I summary, EPA concludes that salmon and bull trout are not likely to be adversely affected from exposure to 


dissolved copper discharged from the Puyallup WWTP for the following reasons: 


1) the modified Fischer model predicts that the dissolved copper in the effluent is below sublethal effect 


levels and Puyallup Tribe WQS within two feet from the discharge point; 


2) the downstream compliance monitoring data are below (except for one occurrence) the Puyallup Tribes 


WQS and sublethal effect levels for dissolved copper; 


3) the draft permit includes a more stringent average monthly copper effluent limit; and 


4) the upstream compliance monitoring data are likely influenced by the nearby stormwater outfall and 


not the WWTP effluent. 


Copper is not strongly bioconcentrated in vertebrates, but is more strongly bioconcentrated in invertebrates.  


Bioconcentration factors (BCFs) reported in the EPA water quality criteria document for copper (EPA 1984) 


ranged from zero in bluegill (Lepomis macrochirus) to 22,600 in Asiatic clams (Corbicula fluminea).  There is little 


information available concerning biomagnification of copper in aquatic food chains.  Also, since the literature 


resources describing the effects of copper on birds or mammals are minimal, there is little information from 


which to quantify the biomagnification of copper.  (Baudo 1983), (Wren 1983) and (Mance 1987) have all 


concluded that copper, along with zinc and cadmium, does not biomagnify in the aquatic environment (EPA 


1999). 


6.11 LEAD  


Lead is a naturally occurring, ubiquitous compound that can be found in rocks, soils, water, plants, animals, and 


air.  It is soluble in water and its bioavailability increases in environments with low pH, low organic content, and 


low metal salt content (Eisler 1988b).  Lead is most often precipitated to sediments in aqueous environments.  


Adsorption of lead by aquatic animals is affected by the age, gender, and diet of the organism, as well as the 


particle size, chemical species and presence of other compounds in the water (Eisler 1988b); (Hamir 1982).  


Species that are sensitive to lead are affected more strongly by dissolved rather than total lead.  Likewise, the 


toxicity of lead is increased when it forms organolead compounds and when environmental conditions consist of 


high temperature and low pH.  In addition to reduced survival adverse effects of elevated organic lead include 


reduction in growth and neurological, teratogenic, hematological, and histological alterations (Eisler 1988b).  
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Many studies have been conducted to determine the LC50 values for various life stages of rainbow trout.  The 32-


week LC50 value for embryo/larval stages was 220 µg/L in hard water (hardness of 101mg CaCO3/L).  Two month-


old fry had an LC50 of 8,000 µg/L (hardness of 82-132 mg CaCO3/L).  For juvenile rainbow trout, the 21-day LC50 


value was calculated as 2,400 µg/L (hardness=135).  Finally, in adults, LC50 values ranged from 1,170 µg/L to 


471,000 µg/L to 542,000 µg/L depending upon the hardness values 28 mg CaCO3/L, 353 mg CaCO3/L, 290 mg 


CaCO3/L, respectively (EPA 1985d).  At lethal concentrations (543 µg/L, hardness of 135 mg CaCO3/L), lead can 


cause increased mucus formation in rainbow trout where the excess mucus coagulates over the fish’s entire 


body, most prominently the gills.  The mucus interferes with respiratory function and results in the death of the 


fish by anoxia (Hodson 1982). 


Adult trout exposed to lead for 21 days at concentrations ranging from (4.3-6.4 µg/L, hardness of 100 mg 


CaCO3/L to 106 mg CaCO3/L) experienced scale loss, reduced survival, and accumulation in gill and kidney 


tissues.  A combination of dietary and water-borne lead exposure at the same concentrations resulted in lipid 


peroxidation in kidneys of adults and a decrease in the whole body potassium of juveniles (Farag et al. 1994).  


Other documented sublethal responses include hematological, neurological, teratogenic, growth, and 


histological effects at lead concentrations of 8 µg/L to 119 µg/ during exposures from 3-16 weeks (Hodson 


1984a).   


The maximum acceptable toxicant concentration (MATC) for lead was identified by a number of authors in some 


cases for subsequent generations of fish.  Three generations of brook trout were exposed to dissolved and total 


lead at concentrations ranging from 39 µg/L to 84 µg/L and 58 µg/L to 119 µg/L, respectively ((EPA 1985d); 


(Demayo 1982) al; (Holcombe 1976) in (Eisler 1988b).  Another species of trout (rainbow) were exposed to lead 


at concentration of 13 µg/L for 32 weeks and these fish exhibited anemia and reduced animolevulinic acid 


dehydratase (ALAD) activity required for blood protein (heme) sysnthesis.  In a separate study with rainbow 


trout exposed to 14 µg/L for two weeks the fish exhibited reduced stamina (EPA 1985 in Eisler 1988).  In 


whitefish (Coregonus sp.) from contaminated lakes (0.5-4.5 µg Pb/L, hardness of 10 mg CaCO3/L to 20 mg 


CaCO3/L) ALAD activity was inhibited up to 88 percent when compared to fish from uncontaminated lakes. 


Inhibition of ALAD activity leads to problems with hemoglobin synthesis that can result in anemia.  Higher blood 


glucose levels and lower plasma sodium content were also found in fish taken from lead contaminated lakes 


(Haux 1986).   


Concentrations of lead greater than 10 µg/L (hardness of 135 mgCaCO3/L) caused long-term effects such as; 


spinal curvature; anemia; caudal chromatophore degeneration (black tail); caudal fin degeneration; destruction 


of spinal neurons, ALAD inhibition in blood cells, spleen, liver, and renal tissues; reduced swimming ability; 


destruction of respiratory epithelium; elevated lead in blood, bone and kidney; muscular atrophy and paralysis; 


inhibition of growth; retardation of maturity; changes in blood chemistry; testicular and ovarian histopathology; 


and even death (EPA, 1985d).  The effects of lead increase under rapid growth conditions as illustrated by the 


increase of the rate of intoxication by lead increased with growth rate, but not fish size (Hodson 1982).  In 


sexually maturing male rainbow trout exposed to 10 µg/L (hardness of 128 mgCaCO3/L) for 12 days during 


spermatogenesis, spermatogonial cysts increased, spermatocytes declined, and the sensitivity of the 


reproductive cycle was expressed as the transformation of spermatogonia to spermatocytes decreased (Ruby 


1993a).   
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Spinal deformities in rainbow trout resulted from exposure to lead concentrations of 18.9 and 101.8 µg/L  in 


water with a hardness of 28 mgCaCO3/L and 35 mg CaCO3/L, respectively).  In juvenile rainbow trout, ALAD 


activity was inhibited and red blood cells and blood iron content were also affected after 28 days exposed to 


lead levels of 13 µg/L (hardness of 135 mgCaCO3/L ).  At 120 µg Pb/L (hardness of 135 mgCaCO3/L) for 32 weeks, 


30 percent of juvenile rainbow trout exposed had black tails caused by degeneration of caudal chromophores 


(EPA 1985d). 


EPA evaluated the species sensitivity of 14 fish used in toxicity tests to evaluate the chronic effects of lead 


exposure.  EPA determined that the most sensitive species was steelhead (rainbow trout) a taxonomically similar 


species to both Chinook and bull trout.  Therefore, we believe that the use of data for rainbow trout is a 


conservative approach as they were determined to be the most sensitive species to lead exposure and they are 


taxonomically similar to Chinook and bull trout.  It is fortuitous that there is a substantial amount of sublethal 


toxicity data for this species which we can use to make our effects determination for lead.  The lifetime MATC 


for rainbow trout exposed to total and dissolved lead in soft water (28 mg CaCO3/L) beginning as post-hatch fry 


ranged from 7.2 µg/L to 14.6 µg/L and 4.1 µg/L to 7.6 µg/L, respectively (Davies et al., 1976 in (Eisler 1988b).  No 


adverse effects were observed in rainbow trout exposed to lead (assume dissolved) 7.2 µg/L for 19 months 


(Wong et al., 1978 in (Eisler 1988b)).  


EPA utilized the modified Fischer model to predict the concentrations of dissolved lead as it is discharged and 


mixes with receiving waters while moving downstream from the point of discharge.  EPA used the maximum 


effluent concentration (0.69 µg/L) as the input parameter for dissolved lead which is less that the MATC for 


rainbow trout (7.2 μg/L; Figure 14).  The dissolved lead concentration quickly dilutes to a concentration (0.08 


μg/L) within one foot of the discharge point.  Adding in the background concentration results in a total dissolved 


lead concentration of 0.16 μg/L at the edge of the chronic mixing zone which is below the Puyallup Tribe’s 


chronic WQS (0.38 μg/L). 
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FIGURE 14. PREDICTED CONCENTRATIONS OF DISSOLVED LEAD IN THE ACTION AREA  


 


Total lead was measured each year in October at the upstream (100 ft) and downstream (300ft) edges of the 


compliance (mixing) zones (Table 17 and Table 18).  Additionally, it was measured other months of the year in 


the upstream compliance zone.  However, as described in Section 5.4.9 we did not rely on the upstream 


compliance monitoring data due to the unlikely movement of the effluent plume 100 ft upstream from the 


discharge point and the likely influence in the results from the nearby stormwater outfall.  


The availability of compliance monitoring data in addition to the model output allows us to use a weight of 


evidence type approach in determining salmonid exposure concentrations.  The City of Puyallup has collected 


total lead data within the compliance zones (mixing zones) since 2003; we adjusted this to dissolved lead for 


ease of comparison to benchmark criteria (Table 19).  The total recoverable lead concentration ranged from 0.15 


µg/L to 0.4 µg/L downstream of the point of discharge with an in-stream hardness value of 33 mg CaCO3/L 


(Table 18).  Using the metals translator identified in Table 9 to parse out the dissolved fraction from the total 


lead, we estimated that the dissolved lead ranges from 0.1 µg/L to 0.27 µg/L downstream of the discharge point.  


In summary, EPA concludes that exposure to dissolved lead in discharged from the WWTP will not result in 


measurable adverse effects to Chinook, steelhead or bull trout for the following reasons: 


1) the modified Fischer model predicts that the dissolved lead in the effluent is below sublethal effect 


levels (4.1 µg/L in soft water) and Puyallup Tribe’s chronic WQS (0.38 µg/L) within one foot from the 


discharge point; and 


2) rainbow trout are a conservative surrogate species.  


Lead has been shown to bioconcentrate in aquatic species.  Invertebrates tend to have higher BCFs than 


vertebrates. Inorganic lead is poorly accumulated in fish.  Larger organic lead compounds such as tetraalkyllead 


are more toxic than smaller compounds such as trialkyllead.  This may be due to the rapid accumulation of 
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tetraalkyllead by fish (Hodson 1984a).  In vertebrates, lead concentrations tend to increase with age and localize 


in hard tissues such as bone or teeth.   


6.12 MERCURY 


Mercury is a naturally occurring metal that is one of the most toxic found in the environment.  Natural sources 


of mercury include geological mercury deposits, rock weathering, forest fires and other wood burning.  Mercury 


is used in dental amalgams, exterior paints, thermometers, barometers, and electrical products such as dry-cell 


batteries, and fluorescent lights.  Anthropogenic sources of mercury include: metal smelting, coal burning power 


plants and industrial incineration of wastes.  Significant amounts of mercury enter ecosystems through 


anthropogenic emissions, reemissions and discharges. 


Mercury is cycled through the environment through an atmospheric-oceanic exchange.  This cycling is facilitated 


by the volatility of the metallic form of mercury.  Bacterial transformation of mercury results in stable, lipid 


soluble, alkylated compounds such as methylmercury (Beijer and Jennelov 1979 in (EPA 1999)).  While mercury 


does occur naturally in small amounts in aquatic environments, the cycling of mercury prolongs the influence of 


man-made mercury compounds (Hudson et al., 1995: in (EPA 1999)).  In sediments, mercury is usually found in 


its inorganic forms, but aquatic environments are a major source of methylmercury (EPA 1985d).  In unpolluted 


freshwater systems, mercury occurs naturally at concentrations of 0.02-0.1 μg/L (Moore and Ramamoorthy 


1984) in (EPA 1999). 


In the letter from USFWS to the EPA dated May 11, 2007 the Service expressed concern about the 303(d) status 


and effluent limits for mercury.  Specifically they stated that “If portions of the lower Puyallup River require a 


TMDL for mercury, how has EPA reached a determination that WWTP discharges containing mercury have no 


“reasonable potential” for causing or contributing to an exceedance of the mercury water quality criteria?” In 


response to this question and the concern expressed by the Service we have prepared the following rationale 


for our decision on whether the discharge is likely to cause or contribute to an exceedance of the Puyallup 


Tribes WQS for mercury.  


The reasonable potential analyses considers among other things, the variability of the pollutant in the effluent, 


the available dilution in the receiving water, the receiving water background concentration, and the sensitivity 


of the species.  Direct measurements for total mercury at the downstream edge of the chronic mixing zone 


yielded a maximum mercury concentration of 0.003 µg/L.  The acute and chronic WQS are 2.40 µg/L and 0.012 


µg/L, respectively, both higher than the measured mercury levels in the receiving water.  


The Washington State Department of Ecology has two Category 5 303(d) listings downstream for mercury in the 


Puyallup River. However, neither listing definitively exceeds the chronic water quality criteria for mercury.  The 


chronic mercury criterion in the State of Washington is 0.012 µg/L Hg (total recoverable) as a 4-day average not 


to be exceeded more than 1 time during a 3-year period.  Neither listing appears to definitively exceed this 


criterion. There are a number of potential causes for temporary increases in mercury concentrations in a river.  


Mercury is both an anthropogenic pollutant and a naturally-occurring metal, like arsenic.  Mercury is found in 


geological deposits and can be released as rocks undergo weathering.  In unpolluted freshwater systems, 
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mercury occurs naturally at concentrations of 0.02-0.1 μg/L (Moore and Ramamoorthy 1984)24.  Puyallup River 


mercury concentrations are beneath these levels (including the concentrations that initially triggered a 303(d) 


listing for mercury).  This is not to say that industrial, atmospheric or other sources can be entirely discounted, 


merely that occasional peaks in ambient mercury may have another cause. 


Furthermore, in a TMDL analysis for the Stillaguamish River, high mercury concentrations in the River were 


correlated to high suspended solids concentrations and high flows (as can occur during storm events).  The 


conclusion was that peak ambient mercury concentrations were likely due to sediments being resuspended 


during peak flow events.  A comparable analysis was done for the Puyallup River, and a similar correlation was 


found (Figure 15 below)25.  


 


FIGURE 15. PUYALLUP RIVER MERCURY CONCENTRATIONS (µG/L) VS. TOTAL SUSPENDED SOLIDS 


CONCENTRATIONS (MG/L)  


There is a fairly strong correlation (R2 = 0.83) with TSS and mercury concentrations, allowing us to conclude that 


elevated concentrations in surface water are likely associated with elevations in TSS.   


Total mercury was measured each year in October at the upstream (100 ft) and downstream (300 ft) edges of 


the compliance (mixing) zones (Table 17 and Table 18).  The availability of downstream compliance monitoring 


data in addition to the model output allows us to use a weight of evidence type approach in determining 


salmonid exposure concentrations.  The City of Puyallup has collected total mercury surface water data within 


the compliance zones (mixing zones) since 2003; we adjusted this to dissolved mercury for ease of comparison 


to benchmark criteria (Table 19).  The total recoverable mercury concentration ranged from 0.0013 µg/L to 


0.0033 µg/L at the compliance point downstream of the point of discharge (Table 18).  Using the metals 


                                                           


24 Moore J, Ramamoorthy S. 1984. Heavy metals in natural waters: applied monitoring and impact assessment. 


Springer-Verlag, New York, NY, USA. 


25 One outlier was removed because, while high TSS and low Hg occurred at the same time, they occurred during 


an unusually high flow event: a 97th percentile flow from among 35 years worth of flow data. 
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translator identified in Table 8 to parse out the dissolved fraction from the total mercury, we estimated that it 


ranges from 0.001 µg/L to 0.003 µg/L at the downstream point of compliance. However, as described in Section 


5.3.1 we did not rely on the upstream compliance monitoring data due to the unlikely movement of the effluent 


plume 100 ft upstream from the discharge point and the likely influence in the results from the nearby 


stormwater outfall.  


A significant amount of work was done by EPA as part of the Great Lakes Initiative (GLI) to develop water quality 


criteria (WQC) for organic chemicals, metals and particularly bioaccumulative compounds such as mercury (40 


CFR 60 15366)26.   This work included developing conservative WQCs taking into account bioaccumulation and 


food web transfer of chemical into higher trophic level species or tertiary consumers.  Noteworthy is the fact 


that the GLI guidance document developed by EPA which includes the water quality criteria for the protection of 


aquatic life and wildlife underwent ESA consultation with the US Fish and Wildlife Service.  Consultation was 


completed in 1995 and culminated with issuance of a biological opinion.  The chronic criteria for the protection 


of aquatic life for total mercury is 0.908 µg/L using the conversion values recommended by EPA (0.85) the WQC 


for dissolved mercury is 0.7712 µg/L.  EPA included this WQC not because it is applicable in Washington State 


but because it is a criterion that was developed for the protection of aquatic life and it has been consulted upon 


by USFWS.  The Puyallup Tribe’s chronic WQS for dissolved mercury is lower than the GLI WQS at 0.01 µg/L .  


EPA utilized the modified Fischer model to predict the concentrations of mercury as it is discharged and mixes 


with receiving waters while moving downstream from the point of discharge.  EPA used the maximum effluent 


concentration (0.02 µg/L) as the input parameter for mercury (Figure 16).  The total mercury concentration in 


the effluent plume quickly dilutes to a concentration of 0.002 within a foot of the discharge point which is below 


the background (0.008 μg/L).  Adding in background mercury concentrations yields a total recoverable mercury 


concentration of 0.0087 μg/L at the edge of the chronic mixing zone, which is lower than the Puyallup Tribe’s 


chronic WQS the Puyallup Tribes chronic WQS (0.012 μg/L) and the GLI water quality criteria (0.91 µg/L and 0.77 


µg/L, total and dissolved, respectively).  


 


                                                           


26 http://www.epa.gov/gliclearinghouse/docs/usepa_fr_notice_2.pdf accessed on 2/26/2012 



http://www.epa.gov/gliclearinghouse/docs/usepa_fr_notice_2.pdf
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FIGURE 16. PREDICTED CONCENTRATIONS OF DISSOLVED MERCURY IN THE ACTION 


 


In summary, EPA does not expect mercury to result in measurable adverse effects to Chinook, steelhead, bull 


trout or their prey for the following reasons: 


1) the concentrations of total mercury measured in the effluent (0.01 µg/L, maximum), modeled in the 


acute mixing zone (0.008 µg/L), and measured at the edge of the chronic compliance zone 300 ft from 


the point of discharge (0.003 µg/L, maximum) are all below both the GLI chronic WQC (0.77 µg/L), and 


the Puyallup Tribe’s chronic WQS (0.01 µg/L); 


2) the GLI WQC have undergone ESA consultation and have therefore, been approved by USFWS; and 


3) The GLI WQC considered bioaccumulation.   
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6.13 NICKEL 


Nickel occurs naturally in rocks and soils and can leach into aquatic environments.  However, weathering of 


nickel-containing substrates results in only small amounts of nickel entering into aquatic systems.  Manmade 


sources of nickel include mining, combustion of coal, petroleum and tobacco, manufacture of cement and 


asbestos, food processing, textile and fur fabrication, laundries, and car washes (EPA 1981): in (EPA 1999)). 


Invertebrates have been affected by long-term exposure to nickel at concentrations as low as 0.5 mg/L, while 


chronic effects for fish have been reported in soft water at 2 mg/L or higher.  However, aquatic species exposed 


to nickel in ambient waters are typically at low risk.  Short term exposures do not appear to be harmful to 


aquatic organisms (EPA 1981).   


EPA conducted a literature search to compile all the toxicity tests meeting EPA criteria to determine the 


concentrations that resulted in acute and chronic effects.  EPA included the data here that pertain to salmonids, 


specifically, steelhead and Coho salmon.  The chronic assessment effect concentration (chronic ECA) for 


steelhead is the measured NOEC for this species, which is 162.0 µg/L.  The chronic ECA for Coho salmon is the 


estimated NOEC for this species, which is 1,926 µg/L.  Of the 19 species of fish evaluated steelhead was the most 


sensitive.  While brown trout (Salmo trutta) and brook trout (S. fontinalus) were the least sensitive.  Therefore, 


we believe that the NOEC developed for steelhead is a conservative effect level.   


EPA utilized the modified Fischer model to predict the concentrations of dissolved nickel as it is discharged and 


mixes with receiving waters while moving downstream from the point of discharge.  EPA used the maximum 


effluent concentration (2.85 µg/L) as the input parameter for dissolved Nickel (Figure 17).  The dissolved nickel 


concentration in the effluent plume quickly dilutes to a background concentration (0.52 μg/L) within one foot 


from the discharge point (Figure 17).  Additionally, this concentration is well below the chronic ECA for steelhead 


162.0 µg/L, the Puyallup Tribes chronic WQS (47.14 µg/L) and the background concentration.  Unlike copper, 


lead, mercury and zinc, nickel was not monitored by the City of Puyallup in the compliance zones.  Therefore, we 


are relying on our predictions from the modeling effort to estimate the potential exposure concentrations for 


salmonids in the action area.   


The monitoring data are likely influenced by the presence of the stormwater outfall 100 ft downstream from the 


WWTP discharge (Figure 7).  However, the focus of this BE is the contribution of parameters in the receiving 


water discharged by the WWTP as that is the action under consulation.  
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FIGURE 17. PREDICTED CONCENTRATIONS OF DISSOLVED NICKEL IN THE ACTION AREA 


In summary, EPA does not expect that exposure to nickel discharged from the WWTP will result in measurable 


adverse effects to Chinook, steelhead and bull trout because the concentration of dissolved nickel estimated by 


the modified Fisher model predicts that the nickel in the effluent plume dilutes to background within one foot of 


the point of discharge and the maximum value measured in the effluent (2.85 µg/L, maximum) is significantly 


below: 


1) chronic ECA for steelhead (162 µg/L), and 


2) the Puyallup Tribe’s chronic WQS (47.14 µg/L).  


Bioaccumulation of nickel can vary among aquatic species with BCFs ranging from 2 to 191 in mollusks and 2 to 


52 in fish (Eisler 1998).  There is little evidence for biomagnifications of nickel in the food chain as nickel 
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concentrations do not increase with ascending trophic levels (Eisler 1998).  Additionally, animals are able to 


regulate body nickel concentrations through controlled uptake and increased excretion.   


6.14 SELENIUM 


Selenium is considered a rare element because there are no large deposits anywhere in the world.  It is mainly 


obtained as a by-product of the electrolytic refining of copper. Selenium is used in various industries (in 


photocells, as pigment, rubber products, and lubricants).  In the early 1900s selenium was used as a pesticide to 


control cotton pests (Eisler 1985b).  Anthropogenic sources of selenium include fuel (coal and oil) combustion, 


metal industries, waste disposal and incineration domestic, municipal, and industrial), manufacturing processes, 


mining, smelting, and refining.  Selenium concentrations in aquatic environment are generally low, but can vary 


widely.  Concentrations ranging from 0.12 to 0.44 µg Se/L have been reported in drinking water from worldwide 


sources (Eisler 1985b). 


Fish appear to be sensitive to selenium toxicity under conditions of long-term exposure from both water and 


dietary sources.  Due to the sensitivity of fish to long-term low concentration exposures of selenium, the 


indications of relative sensitivity to waterborne selenium may become reversed when comparing acute and 


chronic studies.  Hermanutz et al., (1992) also suggest that the estimation of effects using studies of waterborne 


exposure exclusively may underestimate the danger of selenium exposure to fish (Hermanutz 1992).  


Lethal effects of selenium can vary among and within species.  For example, when Puget Sound wild and 


hatchery reared Coho salmon were compared wild fish survival rates were found to be 1.5-2.0 times higher than 


those of hatchery reared fish exposed to the same selenium contaminated water.  Selenium residues were also 


higher in wild fish versus hatchery reared fish (Felton 1990).  In rainbow trout, the 9-day LC50 was estimated to 


range between 5,400-7,000 µg/L (EPA 1980i).  In bull trout, the LC50 was estimated to be 10,200 µg/L (EPA 


1980i). 


Studies indicate that the younger life stages of both Coho and Chinook salmon were more sensitive to the toxic 


effects of selenium.  In Chinook salmon fry, exposures to  17 µg/L for 30 days caused a significant increase in 


mortality (Hamilton 1986).  After 44 weeks, significant mortality was observed in rainbow trout eyed eggs at 


concentrations greater than or equal to 25 µg/L (Hodson 1980).  Long-term exposures (44 weeks) to 130 µg/L 


selenium caused elevated mortality rates in rainbow trout along with increased incidence of deformities at 


concentrations as low as 60 µg/L (Hodson 1984b).  The 48-day LC50 for rainbow trout larvae was determined to 


be 500 µg/L and significant mortality was observed at 80 µg/L over a 12 month exposure (Lemly 1987). The 43-


day LC50 for Chinook larvae and the 48-day LC50 for Chinook fry was 160 µg/L (Eisler 1985b); (Lemly 1987). When 


exposed to 7.8 mg/L of selenite-Se or 32.5 mg/L of selenate-Se 50 percent of Coho swim-up fry (8-12 weeks) 


died.  


A literature review by CCME summarized studies on chronic selenium toxicity to salmonids (CCME 2001).    


Consistent with acute effects younger age classes were more affected by selenium under chronic exposure.  


Concentrations of 9.6 µg/L for 90-d and 35.4 µg/L for 60-days reduced Chinook salmon body weight and survival 


(Hamilton 1986).  Selenium concentrations of 13 µg/L for 6 weeks reduced smolting success of Chinook salmon 


(Hamilton 1986).  Selenium exposures can also reduce cellular blood iron and red blood cell volumes content in 


rainbow trout juveniles at concentrations greater than or equal to 16 and 53µg/L, respectively, after 44 weeks. 
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Exposure to selenium can reduce fish growth particularly weight and, to a lesser extent, length (Albers et al., 


1996; (Green 1997); (Hamilton 1990).  At selenium concentrations of 250 ppb (µg/L) in water, rainbow trout fry 


growth was reduced following a 21-day exposure (Eisler 1985b).   


Selenium also affects the immune responses of fish by influencing the activity of glutathione peroxidase (GPX).  


GPX is an antioxidant that protects cellular membranes and organelles from peroxidative damage that may be 


caused by superoxide radicals (Felton 1990).  At concentrations of 47-50 ppb (µg/L) in water, selenium 


exposures were associated with anemia and reduced hatch of rainbow trout (Eisler 1985b).   


The optimum dietary selenium level in rainbow trout is estimated to be between 0.15-0.38 µg/g by (Hilton 


1980).  In fall-run Chinook salmon, reduced survival was observed at greater than 9.6 µg/g dietary selenium for 


90 days and 35.4 µg/g dietary selenium for 60 days (Hamilton 1990).  Dietary concentrations as low as 13 µg/g 


caused elevated mortality, reduced feeding, slower growth, higher feed-to-weight gain ratios and liver paleness 


in trout within 4 weeks.  Weight was reduced by 29-70percent in fall-run Chinook salmon fed greater than 18.2 


µg/g for 90 days (Hamilton 1990). 


As presented above, there is a substantial amount of toxicity information, both acute and chronic for all life 


stages of salmonids.  The toxicity information most germane to this assessment is that generated through 


exposure to the life stage of fish expected to be in the action area.  As discussed in Section 5.2 we anticipate that 


adult Chinook and steelhead will move fairly rapidly through the action area on their way to spawning grounds, 


however out-migrating juveniles of both species will likely linger while moving out of the River to marine waters.  


Due to the lack of side or off-channel habitat we assume that these fish would not remain in the main channel 


for an extended period of time and will likely be present for approximately one week on average (Grette and 


Associates 2004).  As bull trout rearing occurs in the upper river, only subadults and adults migrating, foraging or 


overwintering are anticipated to be in the action area and potentially exposed to stressors.  The duration of 


exposure is unknown as there have been no targeted sampling events necessary to characterize bull trout use of 


the lower River.  However, as bull trout will be feeding in the lower River their exposure duration will be 


dependent on the availability of prey.  Therefore we anticipate that juvenile Chinook and Coho and sub-adult 


and adult bull trout will be present in the action area.  As with the other parameters in the effluent we are 


focusing our analysis on chronic sub-lethal effects.   


EPA utilized the modified Fischer model to predict the concentrations of dissolved selenium as it is discharged 


and mixes with receiving waters while moving downstream from the point of discharge.  EPA used the maximum 


effluent concentration (1.1 µg/L) as the input parameter for selenium (Figure 18).  The selenium concentration 


in the effluent plume quickly dilutes to a surrogate background concentration27 (0.5 μg/L) within one foot from 


the discharge point (Figure 18).  Accounting for background, the selenium concentration at the edge of the 


chronic mixing zone was 0.53 μg/L.  This concentration is well below the chronic the lowest selenium 


concentrations resulting in reduced growth and survival, and smolting success in Chinook measured as 13 µg/L 


and 9.6 µg/L, respectively (Hamilton 1986).  The Puyallup Tribe’s chronic WQS is 5.0 µg/L; the maximum effluent 


                                                           


27 A background concentration for selenium was unavailable.  Therefore, we used ½ of the detection limit as an 


estimate of background (Table 9). 
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concentration is five times lower than this criterion.  Unlike copper, lead, mercury and zinc, selenium was not 


monitored by the City of Puyallup in the compliance zones.  Therefore, we are relying on our predications from 


the modeling effort to estimate the potential exposure concentrations for salmonids in the action area.   


 


 


FIGURE 18. PREDICTED CONCENTRATIONS OF DISSOLVED SELENIUM IN THE ACTION AREA 


 


The dietary pathway is a significant route of exposure and toxicity therefore we have included an estimate of the 


potential tissue concentration of prey to determine the risk from bioaccumulation of selenium.  Due to the 


ability of fish and invertebrates to bioconcentrate selenium, fish can be exposed to harmful concentrations of 


selenium via diet even when water concentrations are low.  In Chinook salmon, specifically fingerlings, 3.2 µg/g 


selenium in the diet may adversely affected growth.  Using a bioaccumulation factor of 1,800 for aquatic 
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invertebrates (Pease 1992), it would be possible to obtain a dietary concentration of 3.2 µg/g at a water 


concentration as low as 1.8 µg/L.  Lemly (1996) set forth a limit of 2 µg/L on a chronic basis as hazardous to the 


health and survival of fish (Lemly 1996).  Selenium concentrations at low levels near this limit would primarily 


act through bioaccumulation.  As discussed above the maximum effluent selenium concentration is below this 


level, and the modeled concentration quickly dilutes to an order of magnitude below this level within a foot of 


the discharge point therefore, we wouldn’t expect salmonids to be exposed to concentrations of selenium which 


would result in a bioaccumulation risk.   


In summary, EPA concludes that exposure to selenium discharged from the WWTP will not result in measurable 


effects to Chinook, steelhead and or bull trout because the concentration of dissolved selenium estimated by 


the modified Fisher model demonstrates that the selenium dilutes to background within one foot from the point 


of discharge and the maximum value measured in the effluent (1.1 µg/L, maximum) is: 


1) approximately an order of magnitude below the chronic effect levels for Chinook (9.6 µg/L and 13 µg/L); 


2) five times lower than the Puyallup Tribe’s chronic WQS (5.0  µg/L); and 


3) below the limit of 2 µg/L resulting in a bioaccumulation risk.  


6.15 SILVER 


Silver occurs naturally in aquatic systems with common background concentrations of silver in unpolluted 


freshwater systems of <10 µg/L total silver (EPA 1987a).  Silver has no known biological function and is toxic to 


biota at very low concentrations.  Anthropogenic discharges of silver into the environment are from industry 


(primarily the photographic and imaging industry), silver mining and milling, sewage discharge, and atmospheric 


deposition from fuel combustion.  


An important characteristic of silver is its variable toxicity depending on form.  The ionic forms (Ag+ most 


common) are highly reactive and are the most toxic. Ionic silver will readily convert to more unavailable forms 


when exposed to natural chemical ligands (Purcell and Peters 1998).  Because of the variable toxicity of silver, 


the form as well as the concentration has an important influence on the toxicity of silver in the environment.  


Natural ligands such as dissolved organic matter greatly reduce the toxicity of silver by the formation of silver 


complexes (Wood 1996), (Galvez 1997), (Bury 1999).  The toxicity of silver is affected minimally by hardness.   


In freshwater fish, toxicity occurs because silver specifically inhibits the activity of sodium/potassium adenosine 


triphosphatase (Na/K-ATPase), thereby blocking sodium and chloride uptake and causing death from 


ionoregulatory failure (Wood 1996).  Most of the acute toxicity studies have used silver nitrate (AgNO3) which is 


a highly soluble and therefore a highly toxic form of silver. These tests show acute toxicity at low concentrations 


(96hr LC50 is 5 to 70 µg/L total silver) based on review by Hogstrand and Wood (1998).  Because ionic silver is 


rare in the environment, these tests have questionable relevance(Hogstrand and Wood 1998). The more 


common forms of silver, silver thionsulfate, and silver chloride, are bioavailable but do not appear to contribute 


to acute toxicity, (low to moderate toxicity).  In bioassays based on Ag+, the 168-hr LC50 was 3.2 µg/l, regardless 


of total silver quantity (Hogstrand and Wood 1998).  Mortality of fish at the 0.17 and 0.34 ug/L concentrations 


was 17.2 and 36.6 percent greater, respectively, than mortality of control fish.  LC50 values for rainbow trout 


larvae range from 11.8 to 280 µg/L due to hardness differences.  For juvenile rainbow trout, LC50s range 8.5-84.4 


µg/L (EPA 1987a).   
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In a review of the chronic toxicity literature for silver, the maximum acceptable concentrations were <0.5 µg/L 


(Hogstrand and Wood 1998).  Again, these tests used AgNO3, yielding low toxicity thresholds.  As with acute 


toxicity, the presence of sulfide and thiosulfate complexation with silver reduced silver toxicity.  Davies et al., 


(1978) conducted an 18-month study to evaluate the effects of silver nitrate on survival and growth of rainbow 


trout (Davies 1978).  The exposure was initiated with eyed embryos that hatched after 26 days.  Premature 


hatching occurred in silver concentrations of 0.69, 0.37 and 0.17 µg/L.  After a 2-month exposure, the length of 


fish exposed to these three test concentrations was reduced.  However, after 3 ½ months of exposure only the 


length of the fish in the 0.69 µg/L concentration was significantly less than the length of control fish.  At the 


termination of the study, survival of fish exposed to 0.09 µg/L was similar to survival of control fish.   


EPA conducted a literature review of silver and compiled 30 NOEC values for freshwater species.  Of those, two 


measured values were available for fish and one was for salmonids.  The NOEC value was 0.15 µg/L and was 


derived from a test with rainbow trout.  According to the comparison of species sensitivities the rainbow trout is 


the most sensitive fish species with the exception of the guppy (Poecilia retuculata) with an estimated NOEC of 


0.07 µg/L.     


EPA utilized the modified Fischer model to predict the concentrations of dissolved silver as it is discharged and 


mixes with receiving waters while moving downstream from the point of discharge. Using the maximum effluent 


concentration (0.16 µg/L) as the input parameter for dissolved silver (Figure 19) the dissolved silver 


concentration quickly dilutes to a background concentration (0.02 μg/L) within one foot from the discharge 


point (Figure 19).  Additionally, the maximum effluent concentration (0.16 µg/L) is approximately equivalent to 


the NOEC for rainbow trout (0.15 µg/L).  The Puyallup Tribe’s acute WQS for silver is 0.51 µg/L (there is no 


chronic standard); the maximum effluent concentration is three times lower than this criterion.  Unlike copper, 


lead, mercury and zinc, silver was not monitored by the City of Puyallup in the compliance zones.  Therefore, we 


are relying on our predications from the modeling effort to estimate the potential exposure concentrations for 


salmonids in the action area.   
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FIGURE 19. PREDICTED CONCENTRATIONS OF DISSOLVED SILVER IN THE ACTION AREA 


In summary, EPA concluded that exposure to silver discharged from the WWTP will not result in measurable 


effects to Chinook, steelhead or bull trout because: 


1) the concentration of dissolved silver estimated by the modified Fisher model predicts that the silver 


dilutes to the background level within one foot from the point of discharge; 


2) the maximum value of dissolved silver in the effluent (0.16 µg/L) is equivalent to the chronic NOEC 


values for rainbow trout (0.15 µg/L), is three times lower than the Puyallup Tribe’s chronic WQS (0.51  


µg/L), is below the limit of 2 µg/L resulting in a bioaccumulation risk; and 


3) the silver concentration quickly dilutes to approximately one order of magnitude below the NOEC value 


within the acute mixing zone.  


6.11 ZINC 


Zinc is naturally introduced into aquatic systems, usually via leaching from igneous rocks.  Concentrations of zinc 


associated with unpolluted freshwater systems are estimated to range between 0.5-15 μg/L (Moore and 


Ramamoorthy 1984), (Groth 1971): in (EPA 1999)).  Most of this naturally introduced zinc is adsorbed to 


sediments; however, a small amount remains in the water, predominantly in the form of the free Zn+2 ion.  


Release of zinc from sediment is enhanced by the combination of high dissolved oxygen, low salinity, and low pH 


(Eisler 1993) in (EPA 1999).   


All life forms require zinc as an essential element; however aquatic animals tend to accumulate excess zinc, 


which can result in growth retardation, hyperchromic anemia, and defective bone mineralization.  Zinc primarily 


affects zinc-dependent enzymes regulating RNA and DNA.  Zinc also increases the numbers of metallothioneins, 


low molecular weight proteins involved in zinc homeostasis (Eisler 1993) in (EPA 1999). 


Aquatic animals tend to accumulate excess zinc, which can result in growth retardation, hyperchromic anemia, 


and defective bone mineralization.  Effects of Zn exposure include undermined immune function and thus 
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compromised disease resistance (Ghanmi 1989); impaired respiration, including potentially serious destruction 


of gill epithelium (Eisler 1993); modified blood and serum chemistry, enzyme activity and function (Hilmy 1987a; 


Hilmy 1987b); interference with gall bladder and gill metabolism, hyperglycemia, and jaw and branchial 


abnormalities (Eisler 1993).  


The mode of action for Zn toxicity relates to net loss of calcium.  Studies suggest that exposure to Zn inhibits 


calcium uptake, although it appears that this effect is reversible once fish return to clean water.  The apparent 


difference in sensitivity between rainbow trout and bull trout may be due to the greater susceptibility of 


rainbow trout to calcium loss.  Hansen et al., (2002d) state that differences in sensitivity between these two 


salmonids may reflect different physiological strategies for regulating calcium uptake.  These strategies may 


include gills that differ structurally, differences in the mechanisms for calcium uptake, and/or variation in 


resistance to or tolerance for calcium loss. 


Hansen et al., (2002c) measured 120-day lethal concentrations of Zn for bull trout and rainbow trout fry.  


Multiple pairs of tests were performed with a nominal pH of 7.5, hardness of 30 mg/L, and at temperatures of 8 


°C to 12.1 °C .  The LC50 values for rainbow trout and bull trout ranged from 24 µg/L to 53 µg/L and 35.6 µg/L to 


80.0 µg/L, respectively.  Hansen et al., (2002c) also determined that rainbow trout (steelhead) were sensitive to 


Zn as they exhibited a lower LC50 than are bull trout fry.  The authors also report that older, more active juvenile 


bull trout are more sensitive than younger, more docile juvenile bull trout based on observed changes in 


behavior at the juvenile life stage.  The timing of Zn exposure and the activity level of the exposed fish are 


germane to predicting toxicity in the field.  It is unlikely that juvenile bull trout will be exposed to the effluent as 


bull trout rearing takes place high in the watershed; we expect adult and subadults to be present in the action 


area.  Hansen et al., (2002) noted that elevated temperature (12 °C ) significantly increased sensitivity of bull 


trout to zinc and decreased the sensitivity of rainbow trout, although not significantly.  Notable the authors 


found that the LC50 for both species was lower than the Nation WQC due to exposure soft (30 mg/L, low 


hardness) waters.  


There is a dearth of chronic toxicity data with which to analyze the effects from low level of zinc exposure. 


(Chapman 1978) evaluated exposure of various life stages of Chinook and steelhead to dissolved zinc.  He 


determined that steelhead were more sensitive that Chinook and that in both cases juveniles were more 


sensitive that alevins, parr and smolts.  He determined that the 96 hour LC50 values for all life stages varied from 


93 µg/L to 815 µg/L at 12 °C and 22 mg/L hardness.      


The maximum acceptable toxicant concentration was developed for a number of salmonids through both early 


life stage and full lifecycle tests (EPA 1987b; Eisler 1993)().  Eisler (1993) reports that the MATC for rainbow trout 


ranges from 140 µg/L to 547 µg/L based on a full life cycle study.  Additionally, the MATC for sockeye and 


Chinook measured during a shorter term early life stage tests chronic study ranged from 270 µg/L to 510 µg/L 


and 242 µg/L, respectively.    


In addition to the physiological effects of Zn exposure, studies have also documented a variety of behavioral 


responses.  Among these are altered avoidance behavior, decreased swimming ability, and hyperactivity (Eisler 


1993).  The author also suggests Zn exposure has implications for growth, reproduction, and survival.  Spear 


(1981 in (Eisler 1993) reported decreased swimming ability after 109 days in the juvenile and adult minnow 
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(Phoxinus phoxinus) at concentrations of 160 µg/L and 200 µg/L, respectively.  Sprague (1968 in EPA 1980) found 


that after 10 minutes of exposure to 5.6 µg/L zinc juvenile rainbow trout exhibit avoidance behavior. 


EPA utilized the modified Fischer model to predict the concentrations of dissolved zinc as it is discharged and 


mixes with receiving waters while moving downstream from the point of discharge.  EPA used the maximum 


effluent concentration (64.2 µg/L) as the input parameter for dissolved zinc (Figure 20).  The dissolved zinc in the 


effluent plume quickly dilutes to a concentration (3.5 μg/L) within six feet from the discharge point and comes 


within 5% of background zinc concentrations at the chronic mixing zone boundary.  Zinc is the one conservative 


parameter that doesn’t dilute to background in close proximity to the discharge point.   


 


 


FIGURE 20. PREDICTED CONCNETRATIONS OF DISSOLVED ZINC IN THE ACTION AREA 
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Total zinc was measured each year in October at the upstream (100 ft) and downstream (300 ft) edges of the 


compliance (mixing) zones (Table 17 and Table 18).  Additionally, it was measured other months of the year in 


the upstream compliance zone.  However, as described in Section 5.4.9 we did not rely on the upstream 


compliance monitoring data due to the unlikely movement of the effluent plume 100 ft upstream from the 


discharge point and the likely influence in the results from the nearby stormwater outfall.  The availability of 


compliance monitoring data in addition to the model output allows us to use a weight of evidence type 


approach in determining salmonid exposure concentrations.  The City of Puyallup has collected total zinc surface 


water data within the compliance zones (mixing zones) since 2003; we adjusted this to dissolved zinc for ease of 


comparison to benchmark criteria (Table 19).  The total recoverable zinc concentration ranged from 1.7 µg/L to 


3.4 µg/L, downstream of the point of discharge (Table 18).  Using the metals translator identified in Table 9 to 


parse out the dissolved fraction from the total zinc, we estimated that the dissolved zinc ranges 1.51 µg/L to 


3.03 µg/L downstream of the point of discharge.  


The chronic toxicity values presented above include both MATCs and very sensitive behavioral effects data.  


Rainbow trout (steelhead) have been shown to be the most sensitive salmonids species and juveniles the most 


sensitive life stage.  EPA anticipates that juvenile Chinook and steelhead will be present in the action area as will 


subadult and adult bull trout.  EPA also anticipates that the mean residence time for individuals will be 7.4 days 


and that bull trout will remain as long as prey is available to them.  There is no off- channel habitat within the 


mixing zones and only Clarks Creek providing this habitat in the action area.  Consequently, we anticipate that 


fish will remain in the main channel of the River.  Bull trout have been detected near the mouth of Clarks Creek 


likely preying on juvenile salmonids utilizing this area as refugia from the main stream channel.   


Summarizing the data for the most sensitive species (rainbow trout): avoidance behavior in juveniles was 


observed after 10 minutes of exposure to 5.6 µg/L (Sprague 1968 in EPA 1980); the MATC for zinc ranges from 


140 µg/L to 547 µg/L based on a full life cycle study, and the LC50 values for 120 hours to dissolved zinc in soft 


(30 mg/L) water at a pH of 7.5 as 24 µg/L to 53 µg/L (Hansen 2002b).    


The maximum concentration of dissolved zinc used as the initial input parameter for the modified Fisher model 


was 64.2 µg/L.  Accounting for background concentration this maximum concentration quickly dilutes to a tenth 


of this maximum to a concentration of 6.0 µg/L less than six feet and then drops to 5.3 µg/L at the edge of the 


chronic mixing zone.  The concentration of dissolved zinc measured in the compliance zones by the City of 


Puyallup is lower than the modeled concentration.  The dissolved zinc concentration ranges from 1.51 µg/L to 


3.03 µg/L downstream of the point of discharge at the edge of the chronic mixing zone.    


The maximum effluent concentration exceeds the rainbow trout LC50 measured by Hansen et al., (2002), 


however fish are never exposed to this concentration in the receiving water.  According to the modeled and 


maximum measured values the dissolved zinc concentration at the edge of the chronic mixing zone is 5.3 µg/L 


and 3.0 µg/L, respectively (Figure 20; Table 18).  When comparing these values to the effect levels identified 


above we note that the predicted (modeled) concentration is two orders of magnitude less that the maximum 


MATC, one order of magnitude less that the maximum LC50 determined by Hansen et al., (2002), and slightly 


above (5.8 µg/L vs 5.6 µg/L) the avoidance value identified by Sprague et al., (1968).  The maximum measured 


concentration is also an order of magnitude lower that the Puyallup Tribe’s chronic WQS (29.67 µg/L).   
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The measured zinc concentrations do not substantiate a conclusion of likely to adversely affect, as the maximum 


concentration of total zinc measured over 8 years at the edge of the chronic mixing zone was 3.4 µg/L (dissolved 


was calculated as 3.03 µg/L) as opposed to the 5.3 µg/L modeled using the modified Fisher model.  EPA notes 


that the avoidance effect value was never exceeded in the downstream monitoring data.   


In summary, EPA concludes that there is an extremely low likelihood that exposure to zinc discharged from the 


WWTP will result in measurable adverse effects in Chinook, steelhead or bull trout for the following reasons: 


1) the modeled and measured concentrations of dissolved zinc are well below acute levels, MATCs and the 


Puyallup Tribes chronic WQS;  


2) the dissolved zinc concentrations measured by the City of Puyallup never exceed the avoidance effect 


level of 5.6 µg/L in the downstream discharge; and 


3) the modeled zinc concentration was also less than the avoidance effect level.   


Because zinc combines with biomolecules in target species and most of these species accumulate more than 


they need for normal metabolism, data showing bioconcentration factors for target receptors may be 


misleading.  Bioconcentration also depends on the target organism of interest.  BCFs reported in the EPA water 


quality criteria for zinc (EPA 1987b) ranged from 51 in Atlantic salmon to 1,130 for the mayfly (Ephemerella 


grandis).  There is little to no evidence for the successive biomagnification of zinc in tissues of fish and avian 


receptors.  This assumption is based on several factors.  Existing BCF data (EPA 1987b) shows that the greatest 


BCF was seen in mayflies while the least was found in Atlantic salmon.  This trend was also seen in Elder and 


Collins (1991) in (EPA 1999)who showed that mollusks accumulated more zinc than the fish that consume these 


mollusks.   


6.12 PHARMACEUTICAL AND PERSONAL CARE PRODUCTS 


A significant amount of attention has been given to the presence of emerging contaminants in surface and 


drinking water over the past decade or more.  The proportion of these compounds not metabolized are excreted 


and discharged, in most cases in their original form, into receiving waters via WWTP effluent.  Notwithstanding 


this attention there is still a dearth of toxicity information available for aquatic species, particularly chronic, 


sublethal data for fish (Fent et al. 2006).  This lack of chronic data is a significant obstacle to evaluating effects 


from pharmaceuticals as they are more likely to result in chronic rather than acute effects (Cleuvers 2004; Gros 


et al. 2010).  


Acknowledging these limitations we nevertheless attempted to evaluate the greatest number of compounds 


possible both individually and as mixtures.  EPA did this by conducting an extensive literature search from 2009 


to present to update our information since our last review.  EPA conducted a wide search using 20 keywords and 


phrases intended to capture the majority of literature on emerging contaminants and aquatic life.  In addition to 


the primary literature we compiled information from a database developed by NOAA Center for Coastal 


Environmental Health and Biomolecular Research the Pharmaceuticals in the Environment Database (PEIAR)28 


                                                           


28 http://www.chbr.noaa.gov/peiar/default.aspx 
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(Table 26).  The pharmaceuticals within this database represent the 200 prescribed in the US during either 2003 


or 2004.  Significant information on most pharmaceuticals is available (Cooper et al., 2008), but the toxicity data 


for aquatic species was generated using part per million concentrations (mg/L), orders of magnitude higher than 


the concentrations that exist in aquatic systems.  Additionally, the toxicity data were primarily generated for 


acute endpoints, and effects tend to occur at the sublethal levels, with subtle changes in behavior and 


reproduction not overtly apparent to the researcher who is only evaluating mortality.  However, in some cases 


these were the only data available for some compounds; therefore we included them in the analysis (Table 26).   


It wasn’t possible to evaluate the effects on salmonids from exposure to the entire suite of chemicals measured 


in the Puyallup WWTP Effluent. This is because toxicity data are lacking for many of the chemicals, particularly 


data based on ecologically relevant surface water concentrations and endpoints.  A greater proportion of 


researchers have studied a subset of these compounds, namely those known or suspected to be endocrine 


disruptors.  These compounds are more commonly tested as the process of investigating reproductive endpoints 


is more standardized and these endpoints translate most directly to population level changes.  The compounds 


most commonly studied are sex steroids and hormones including 17α-ethinylestradiol, 17β-Estradiol, Estrone 


and combinations thereof and alkylphenol ethoxylates such and nonylphenol.  As discussed previously, these 


compounds have been effectively removed from the waste stream due to the advanced secondary treatment 


employed by the facility (Table 19).  


Nevertheless, we modeled the exposure concentrations of all the PPCPs measured in the effluent by Lubliner et 


al., (2010).  EPA used the modified Fisher model described above to estimate surface water concentrations and 


then compared these estimated exposure concentrations to effect levels (Table 29).  In addition, to evaluating 


individual PPCPs we also, to the extent possible, considered the effect of mixtures.   


 


TABLE 28. COMPILATION OF ACUTE AND CHRONIC DATA FOR PHARMACEUTICALS AND PERSONAL CARE 


PRODUCTS PRESENT IN THE PUYALLUP WASTEWATER TREATMENT PLANT EFFLUENT  


Compound Species/lifestage/exposure 


duration 


Effect Concentration  Reference 


Ibuprofin Blue gill (Lepomis 


macrochirus) 


LC50 173 mg/L PEIAR database 


 Fish LOEC 5.46 mg/L ECOSAR1  in 


PEIAR database 


 Dahnia magna PNEC2 9.06 µg/L Jones et al., 


2002 


 Rainbow trout hepatocytes Cytotoxic and 


oxidative effects 


– no risk 


0.786 µg/L (.381 – 


1.11) 


Gagne et al., 


2006 
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Compound Species/lifestage/exposure 


duration 


Effect Concentration  Reference 


NSAIDS3 (mixture) D. magna Nonpolar 


narcosis EC50 


72 to 626 mg/L Cleuvers, M, 


2004 


Albuterol No Data    


Cimetidine No Data    


Ranitidine No Data    


Azithromycin  No Data    


Clarithromycin  No Data    


Erythromycin No Data    


Trimethoprim Rainbow trout hepatocytes No effect on 


Cytotoxic and 


oxidative  - no 


risk 


0.06 µg/L (0.06 – 


0.07) 


Gagne et al., 


2006 


Ciprofloxacin No Data    


Ofloxacin No Data    


Sulfadiazine  No Data    


Sulfamethoxazole Rainbow trout hepatocytes Low risk of 


cytotoxic and 


oxidative effects 


0.049 µg/L (nd – 


0.1) 


Gagne et al., 


2006 


Doxycycline No Data    


Tetracycline No Data    


Warfarin No Data     


Carbamazepine Rainbow trout hepatocytes Low risk of 


cytotoxic and 


oxidative effects 


0.085 µg/L (0.03 – 


0.137) 


Gagne et al., 


2006 


 Daphnid PNEC 6.36 µg/L Jones et al., 


2002 


 Ceriodaphnia dubia 7 day exposure; 25 µg/L Ferrari et al., 


2003 in Fent et 
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Compound Species/lifestage/exposure 


duration 


Effect Concentration  Reference 


NOEC al., 2006 


 Zebrafish Lethal 43 µg/L Thaker 2005 in 


Fent et al., 


2006 


 Fish LOEC 14 mg/L ECOSAR in 


PEIAR database 


 Zebra danio (Danio rerio) 10 day; Early life-


stage NOEC 


25 mg/L PEIAR 


Database; 


Ferrari et al., 


2003 in Fent et 


al., 2006 


Metformin Blue gill LC50 >982 mg/L PEIAR database 


 Fish LOEC 33170 mg/L PEIAR database 


Diphenhydramine No Data    


Diltiazem Green algae PNEC 1.94 µg/L Jones et al., 


2002 


 Fish LOEC 5.35 mg/L PEIAR database 


Gemfibrozil Rainbow trout hepatocytes No effect on 


Cytotoxic and 


oxidative – no 


risk 


0.071 µg/L (0.059 


- 0.084)  


Gagne et al., 


2006 


 Goldfish (Carassuis 


auratus)/adult/14 days 


Testosterone 


reduced by 


>50percent 


1.5 µg/L (Mimeault et 


al., 2005, p.49)  


 Fish LOEC 0.93 mg/L PEIAR database 


 D.  magna EC50 74.3 mg/L Marina et al., 


2007 in PEIAR 


database 


Triclocarban No Data    
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Compound Species/lifestage/exposure 


duration 


Effect Concentration  Reference 


Naproxen Rainbow trout hepatocytes Low risk of 


cytotoxic and 


oxidative effects 


0.271 µg/L (0.219-


0.325) 


Gagne et al., 


2006 


 Fish LOEC 24.3mg/L ECOSAR in 


PEIAR database 


Cotinine Rainbow trout hepatocytes Low risk of 


cytotoxic and 


oxidative effects 


0.263 (0.235 -  


0.290) 


Gagne et al., 


2006 


Dehydronifedipine No Data    


Codeine No Data    


Thiabendazole Fish LOEC 0.573 mg/L ECOSAR in 


PEIAR database 


Fluoxetine Medaka/4 weeks No effect on 


vitellogenin, 


plasma steroids, 


fecundity, egg 


fertilization or 


hatching rate 


0.1 to 5 µg/L (Foran et al., 


2004in Fent et 


al., 2006)  


 Zebrafish Significantly 


fewer eggs 


spawned than 


controls 


32 µg/L Lister et al., 


2009 


 Goldfish (males) Significant 


disruption of 


reproductive 


physiology 


0.54 µg/L Mennigen et 


al., 2010 


 Fish LOEC 1.72 mg/L ECOSAR in 


PEIAR database 


4-Epitetracycline Fathead minnow (males); 


21 days 


Vitellogenin 


induction; altered 


reproductive 


28 ng/L  Schultz et al., 


2011 
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Compound Species/lifestage/exposure 


duration 


Effect Concentration  Reference 


physiology 


Campesterol Fathead minnow EC50 0.705 mg/L Brooks et al., 


2003 in PEIAR 


database 


Cholestanol     


Cholesterol     


Coprosterol No Data    


Epi-Coprostanol No Data    


Ergosterol No Data    


Estrone No Data    


Mixture of Ibuprofen, 


fluoxetine, 


Ciprofloxacin 


No Data    


 No Data     


Mixture of naproxen, 


gemfibrozil, 


diclofenac, ibuprofen, 


troclosan, salisylic acid  


Rainbow Trout  / Adult 


males/ 21 days 


Threshold 


response of 


vitellogenin 


induction 


0.025 - 0.05 µg/L (Schultz et al., 


2003)  


Mixture of SSRI 


bupropion, fluoxetine, 


sertaline and 


venlafaxine 


Phytoplankton, 


zooplankton, benthic 


community, juvenile 


sunfish 


35 day exposure,; 


species 


abundance and 


number 


6.0 to 10 µg/L  Richards et al., 


2004 in Fent et 


al., 2006 


Mixture of NSAIDs 


Diclofenac, Ibuprofen, 


Naproxen, 


Acetylsalicylic acid 


Phytoplankton, 


zooplankton, benthic 


community, juvenile 


sunfish 


35 day exposure; 


species 


abundance 


affected high 


mortality in fish 


60 to 100 µg/L Richards et al., 


2004 in Fent et 


al., 2006 


 Fathead minnows; full life 


cycle 


No effects on 


growth, 


development, 


793 ng/L, 662 


ng/L, 331 ng/L, 


217 ng/L, 115 


Parrott and 


Bennie 2009 
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Compound Species/lifestage/exposure 


duration 


Effect Concentration  Reference 


external sex 


characteristics or 


egg production. 


Larval deformities 


in the F1 


generation from 


nominal mixture 


concentration of 


100 ng/L.  


ng/L, 67 ng/L 


 Fathead minnows; male; 21 


days 


Mortality 305 ng/L and 


1,104 ng/L 


Venlafaxine and 


5.2 mg/L Sertaline 


Schultz et al., 


2011 


 Daphnia Mortality: NOEC 11.1 mg/L 18.2 


mg.L, 66.5 


mg/L21.6 mg/L 


Cleuvers 2004 


     


 
 


TABLE 29. COMPARISON BETWEEN THE PREDICTED SURFACE WATER CONCENTRATIONS AND EFFECT LEVELS 


IDENTIFIED FROM THE LITERATURE  


Pharmaceutical Effluent  


 (ng/L) 


Edge of 


Acute/Chronic 


Mixing Zone (ng/L) 


 Effect Concentration 


(ng/L) 


Ibuprofen 99.1 4.3 400 


Albuterol 21.7 0.9 NA 


Cimetidine 


Ranitidine 


140 


283 


6.1 


12.3 


NA 


NA 


Azithromycin 170 7.4 NA 


Clarithromycin 257 11.2 NA 
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Pharmaceutical Effluent  


 (ng/L) 


Edge of 


Acute/Chronic 


Mixing Zone (ng/L) 


 Effect Concentration 


(ng/L) 


Erythromycin 247 10.7 NA 


Trimethoprim 334 14.5 60 


Ciprofloxacin 


 Ofloxacin 


96.8 


210 


4.2 


9.1 


60 


NA 


Sulfadiazine  19.2 0.8 NA 


Sulfamethoxazole 1420 61.7 99 


Doxycycline 16 0.7 NA 


Tetracycline 9.73 0.4 NA 


Warfarin 10.3 0.4 NA 


Carbamazepine 701 30.5 137a 


Metformin 34900 1517.4 >9.8 x 108 


Diphenhydramine 286 12.4 NA 


Diltiazem 88.3 3.8 1,940 


Gemfibrozil 585 25.4 84a 


Triclocarban 42.7 1.9 NA 


Naproxen 113 4.9 325a 


Cotinine 39.5 1.7 290a 


Dehydronifedipine 5.86 0.3 NA 


Codeine 57.4 2.5 NA 


Thiabendazole 27.1 1.2 5.7 x 105 


Fluoxetine 43.7 1.9 540 


4-Epitetracycline 8.37 0.4 7.05 x105 


Campesterol 283 12.3 NA 
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Pharmaceutical Effluent  


 (ng/L) 


Edge of 


Acute/Chronic 


Mixing Zone (ng/L) 


 Effect Concentration 


(ng/L) 


Cholestanol 602 26.2 NA 


Cholesterol 3250 141.3 NA 


Coprosterol 1170 50.9 NA 


Epi-Coprostanol 29.5 1.3 NA 


Ergosterol 170 7.4 NA 


Estrone 20.2 0.9 NA 


NA: Not available 


As presented in Table 28 we were able to obtain toxicological literature for 13 of the 35 compounds detected in 


the effluent. Of the compounds we were able to evaluate none of the compound exceeds the lowest effect 


level.  Other than Metformin and cholesterol, the antibiotic Sulfamethoxazole was detected at the highest 


concentration in the WWTP effluent 1.4 µg/L this finding is consistent with other reports in the literature.  


Garcia-Galan (2011) also demonstrated that not only was sulfamethoxazole the most frequently detected 


sulfonamide, it was present at the highest concentrations (2.72 to 596 ng/L).  


There are significant difficulties with evaluating the ecotoxicology of municipal effluent.  Effluents are made up 


of complex mixtures that are often not well characterized.  EPA is fortunate that the Puyallup WWTP was part of 


a study on removal of PPCPs using BNR.  Therefore, the effluent is fairly well characterized; however we are still 


left with the conundrum of evaluating the toxicity of this mixture based primarily on information generated 


from individual compounds.  EPA has tried to address this difficulty by compiling studies exposing fish to 


mixtures of PCPPs.  Most of the publications we found investigated PPCPs classified as SSRIs and nonsterioidal 


anti-inflammatory drugs (NSAIDs).  


Many compounds that are in the same class of pharmaceutical have similar modes of action and have been 


shown to be additive (Cleuvers 2004; Sumpter 2009). This means that the concentration of individual 


pharmaceuticals is to be added to obtain the combination and then this value is compared to the effects levels 


on the species.  Cleuvers (2004) demonstrated that NSAIDs Diclofenac, Ibuprofen, Naproxen and Acetylsalicylic 


acid are additive and that the mixture toxicity was sizeable; even when the individual concentrations showed 


little or no toxicity to Daphnia.   Of the NSAIDs investigated by Cleuvers (2004) Naproxen and Ibuprofen were 


detected in the Puyallup WWTP effluent, their combined predicted surface water concentration was 9.2 ng/L.  


Comparing this value to the mixture NOEC from Table 28 indicates that there is little risk to invertebrates from 


NSAIDs.  Unfortunately, we have no fish data to compare against Daphnia so we queried the PEIAR database.   


This database cited the LOEC value from the ECOSAR database which showed that daphnids are slightly more 


sensitive than fish according to the LOEC of 4.32 mg/L and 5.46 mg/L. 
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Richards et al., (2004) used a microcosm to study a community of organisms exposed to a mixture of two 


pharmaceuticals NSAIDs (Ibuprofen), SSRI Antidepressant (Fluoxetine) and an antibiotic (Ciprofloxacin).  NSAIDs 


inhibit two forms of the cyclooxygenase enzymes which are the forms responsible for inflammatory reactions.  


SSRIs are selective serotonin re-uptake inhibitors which direct serotonin levels that act as neurotransmitters in 


lower vertebrates (Fent et al. 2006).  These compounds obviously have different modes of action, nevertheless 


the effect on species abundance in the lower organisms and mortality in fish was evident at ppb concentrations 


(Table 28).  Of the compounds investigated by Richards et al., (2004) Ibuprofin, Fluoxetine and Ciproflaxacin 


were all detected in the Puyallup WWTP effluent at a total concentration of 239.6 ng/L; the predicted surface 


water concentration of this mixture was 6.24 ng/L.  Comparing this value to the LOEC in Table 28 (6.0 µg/L; 


Richards et al., 2004 in Fent 2004), these compounds are not elevated to the degree to which adverse effects 


would be expected.     


Parrott and Bennie (2009) evaluated the effects of a mixture on fathead minnow using a full life cycle test and 


measuring effects on a variety of endpoints.  The mixture contained naproxen, ibuprofen, salisylic acid, 


diclofenac, (NSAIDs), gemfibrozil and triclosan (antibacterial agent). These PCPPs and triclosan were at ppt 


concentrations (ng/L) (Table 28).  Effects were not apparent in the test population but were observed in the 


following (F1) generation at the nominal mixture concentration of 100 ng/L.  When comparing the mixture 


evaluated by (Parrott and Bennie 2009) to the mixture detected in the Puyallup WWTP effluent, the Puyallup 


effluent contained Naproxen, Ibuprofen and Gemfibrozil, Salisylic acid was not measured and Triclosan was not 


detected in the effluent.  The total concentrations of the three compounds measured in the effluent and at the 


edge of the chronic mixing zone was 34.6 ng/L.  It’s possible that if salisylic acid (aspirin), other NSAIDs or 


another antimicrobial agents were measured in the effluent the combined concentration of the mixture could 


reach the nominal level of 100 ng/L that resulted in effects to the F1 generation.  However, even if this were the 


case none of the salmonids under consultation would experience a full life cycle exposure period which was 


necessary to observe the effect to the F1 generation.    


When exposed to antidepressant pharmaceuticals fish demonstrate behavioral responses such as abnormal 


water column positioning, decreased ability to capture prey and to elude predators Gaworecky and Klaine 2008 


in (Schultz et al. 2011); (Lister et al. 2009).   Schultz et al., (2011) exposed male fathead minnows for 21 days to 


the antidepressant pharmaceuticals Bupropion, Fluoxetine, Sertraline and Venlafaxine individually and in a 


mixture to measure effects on anatomy and reproductive physiology.  Additionally, fish were subjected to a 


behavioral reproductive challenge.  Male fathead minnows display territorial behavior during the reproductive 


period; they actively secure and protect nest sites.  This territorial behavior requires them to be aggressive in 


order to maintain the nest and attract a mate. 


The authors documented a disruption in the normal testicular morphology and reproductive physiology in fish 


exposed to the high Fluoxetine concentration (28 ±4.2 ng/L) and the low dose of Sertraline (1.6 ± 0.46 ng/L), 


although nest holding behavior was not affected.  Additionally, the high Fluoxetine concentration caused 


vitellogenin induction in the fish as well.  Concentrations 5.2 ng/L (Sertraline) and 205 and 1,104 ng/L 


(Venlafaxine), respectively compromised survival (up to 60 percent mortality) of fathead minnows.  The authors 


noted anatomical alterations (cell hypertrophy) in the tested of fish exposed to both Sertraline and Fluoxetine.  


Of the pharmaceuticals tested by Schultz et al., (2011) only Fluoxetine was measured in the Puyallup WWTP 


effluent at a concentration of 43.7 ng/L.  Using this effluent concentration in the modified Fisher model we 
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predicted that the exposure concentration of the SSRI at the edge of the chronic mixing zone is 1.9 ng/L; 


significantly lower than the 28 ±4.2 ng/L demonstrated to cause reproductive effects in fish.  


According to IMS health, Sertraline, and Venlafaxine were ranked number 4 (19,500,000 prescriptions annually), 


and 9 (14,992,000 prescriptions annually) of the top 25 psychiatric medications prescribed in the US in 200929, 


respectively.  Therefore, it is likely that if these pharmaceuticals were measured, it is possible that they would 


have been detected albeit at low concentrations.   Black and Armbrust30 measure SSRIs in WWTPs in Columbus 


Mississippi and found that the detection frequency of these compounds were: Sertraline (88 


percent)>Citalopram (50 percent)> Fluoxetine (48 percent)>Norfluoxetine (15 percent) >Norsertaline (10 


percent)>Paroxetine = Fluvoxamine (2 percent).  Citalopram, Sertraline and Fluoxetine were also detected in 


sediment, albeit below 3 ng/g.   The authors also concluded that the SSRIs (Citalopram, Fluoxetine and 


Sertraline) were most frequently measured in water and sediment samples and as such represent a “potential 


threat to aquatic organisms”. However, the Puyallup WWTP uses BNR with an extended SRT, this treatment 


technology has been shown to be effective at removal of a PPCPs in the effluent (Lubliner et al., 2010), which 


serves to avoid (complete removal of estrogenic/androgenic compounds) and minimize effects to aquatic 


organisms exposed to the effluent.  


When SSRIs or their metabolites are excreted and discharged into receiving waters via WWTP effluent aquatic 


vertebrates are exposed to low concentrations and respond to this exposure in a manner that can affect their 


behavior and survival responses mechanisms.  Serotonin is one of the most numerous neuromodulators in 


vertebrates and it regulates among other functions, survival behaviors. The purpose of psychotherapeutic drugs 


such as antidepressants is to modify neurotransmitters and regulate Serotonin, Norepinephrine, and Dopamine, 


which are all involved in homeostatic processes throughout the nervous system (Painter et al. 2009).   Alteration 


of these processes can result in multisystem consequences.   In order to test this theory on the survival response 


behavior Painter (2009) exposed larval fathead minnows to various concentrations of individual antidepressant 


drugs, and a mixture. Painter et al., (2009) measured predator response behavior as depicted by C-start reflex 


behavior.  The C-start is regulated by a sensory-motor axis that incorporates auditory, visual and vibrational 


information and transmits these stimuli into a musculoskeletal response that allows the fish to create a burst of 


motion propelling it away from the threat (Painter et al., (2009).  The authors recorded latency period (time to 


induction of the behavior), escape velocity, and escape response as measures of the escape performance.  They 


measured a significant difference between test populations and controls in the following: 1) total escape 


response in 12-day old fathead minnows exposed to 25 ng/L Fluoxetine , 500 ng/L venlafaxine and 7,500 ng/L of 


the mixture, 2) a significant reduction in the escape velocity in fish exposure to 250 ng/L fluoxetine and 7,500 


ng/L of the mixture, and 3) delayed latency period in fish exposed to 500 ng/L venlafaxine.  As stated previously, 


of these compounds only fluoxetine was measured in the WWTP effluent at a concentration of 43.7 ng/L, which 


we predicted would dilute to 1.9 ng/L at the edge of the chronic mixing zone.  As stated above, it is likely that if 


                                                           


29 http://psychcentral.com/lib/2010/top-25-psychiatric-prescriptions-for-2009/ accessed on 3/6/12 


30 http://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/display.abstractDetail/abstract/1755/report/F 
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other antidepressant drugs were measured in the effluent they may be present at low concentrations due to the 


treatment technology employed by the facility.  


Not unexpectedly, fish bioconcentrate PPCPs often with highest concentrations in the liver, the site of 


detoxification.  These compounds are not generally lipophylic as is the case with other organics, rather they are 


designed to be soluble and excreted.  Furthermore, prior to excretion some compounds are biotransformed into 


metabolites.  Lahti et al., (2011 demonstrated this concept when they exposed rainbow trout to a mixture of five 


pharmaceuticals including diclofenac, naproxen and ibuprofen (all NSAIDs), carbamazepine (anticonvulsant) and 


bisoprolol (beta-blocker).  They found that at low concentrations, designed to represent the level of PPCPs in a 


WWTP discharge, the NSAIDs were biotransformed in the liver to metabolites at concentrations exceeding the 


parent compounds.  The concentrations of metabolites were detected in bile at four orders of magnitude higher 


that in the plasma.  


Paterson and Metcalf (2008) investigated the uptake and depuration of fluoxetine by Japanese medaka.  The fish 


were exposed to a nominal concentration of 0.64 µg/L for 7 days and then placed in clean water and allowed to 


depurate for 21 days. Fluoxetine was taken up rapidly (within 5 hours) upon exposure.  The maximum uptake 


was measured after 3 days yielding a rate constant of 5.9 ± 0.5 days.  The half life of the compound was 


determined to be 9.4 ± 1.1 days indicating a longer persistence in fish, and a greater potential for 


bioaccumulation as calculated bioconcentration factors of 74 and 80 for fluoxetine and its metabolite 


norfluoxetine, as compared to mammals.  


In comparing the effluent data for PPCPS in the Puyallup WWTP its clear that the BNR employed by the facility is 


efficacious as 77 percent of the compounds measured in the influent were removed through the treatment 


process (Section 5.3.1.2).  However, even with state-of-the-art treatment technologies it isn’t possible to 


removal the most recalcitrant of these compounds even from drinking water.  Therefore, it is not surprising that 


PPCPs are detected in the effluent and receiving waters from municipal discharges, in general.  EPA has relied on 


effluent data collected by Lubliner et al., (2010) to predict the potential exposure concentrations for salmonids 


at the edge of the chronic mixing zone.  When comparing individual concentrations to the lowest or no-effect 


level presented in Table 29 it is apparent that there are no exceedances of these levels. 


As comprehensive as the Lubliner et al., (2010) study was they did not (nor could they have) measured for all of 


the thousands of chemicals that are possibly present in the effluent.  Instead they focused on a subset of these 


compounds that met their study objectives.  These data provided us with a basis upon which to develop an 


effects analysis for organic chemicals.  Table 28 is populated with the most current literature for these 


compounds and we included those studies that focused on one or more (in the case of mixtures) of the PPCPs 


detected in the effluent.   


Not unique to this analysis, there are a number of inherent uncertainties confounding our ability to make a 


conclusive determination based on a preponderance of data.  The uncertainties are: 


1) only a subset of compounds that salmonids are likely exposed to were measured in the effluent; 


2) effects data are only available for a subset of the compounds detected in the effluent; 


3) in most cases effects data are only available for individual chemicals when fish are exposed to a complex 


mixture that changes in composition and concentration frequently; 
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4) there is a lack of information on bioconcentration factors and information linking tissue concentrations 


to effects in fish; and 


5) the mixture studies in Table 28 contained more PPCPs than were measured in the effluent, therefore we 


could not make any definitive statements about the particular mixture as it might exist in the Puyallup 


WWTP effluent relative to the effects on salmonids.  


Many compounds that are in the same class of pharmaceutical have similar modes of action and have been 


shown to be additive.  However, if there isn’t a good characterization of the chemical class in the effluent then 


the additive nature of the class is moot, as its impossible to evaluate the effects of exposure to the class of 


compounds if one or only a few individual compounds is measured in the effluent even though the likelihood of 


them being present is high.    


A significant amount of the literature we found focused on two classes of compounds, NSAIDs and SSRIs.  EPA 


determined that singularly these compounds were not present at sufficiently elevated concentrations in the 


effluent or the chronic mixing zone to cause adverse effects to salmonids.  Of the 28 PPCPs (did not include 


cholesterol etc..) detected in the effluent we were able to find toxicity information for 12 compounds (43 


percent).  EPA determined that the receiving water concentrations (chronic mixing zone) of the individual 


compounds were below effect levels (Table 29).   


We acknowledge the level of inherent uncertainty described above however, we are basing our analysis on the 


best available science including the Puyallup WWTP effluent data, the receiving water modeling results and the 


current literature to predict risk to listed salmonids.  The results of our analysis lead EPA to conclude that there 


is an extremely low likelihood that exposure to PPCPs discharged from the WWTP will result in measurable 


adverse effects in Chinook, steelhead or bull trout. 


6.13 PBDES 


As described in Section 5.3.1.3 because the Puyallup WWTP does not monitor for PBDEs we had no site-specific 


data to use in our analysis.  Therefore, we relied on a surrogate data from the Bremerton STP (Table 25).  EPA 


then utilized the modified Fisher model to predict the receiving water concentrations at the edge of the chronic 


mixing zone (Table 30).    


 


TABLE 30. ESTIMATED PBDE CONCENTRATIONS AT THE EDGE OF THE CHRONIC MIXING ZONE  


Congener Winter (ng/L) Summer (ng/L) 


BDE-047 0.23 0.23 


BDE-099 0.22 0.20 


BDE-209 0.15 0.03 (UJK) 


Data Qualifiers: 


 U:  Analyte was not detected at or above the reported result. 


J: Analyte was positively identified. Value is the approximate concentration. 
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K: Bias could not be determined. 


 


Very little information is available on the toxicity of PBDEs to fish from surface water exposure.  This lack of 


surface water toxicity data is likely due to the hydrophobic nature of PBDEs as they are strongly bound to solid 


particles, and as such, are not present in the dissolved (bioavailable) form in water (Vrkoslavová et al., 2010) .  


Since they are hydrophobic the majority of the PBDEs will partition into the solids in the waste stream resulting 


in minor amounts of PBDEs expected to enter the water column from the effluent.  With the level of treatment 


and corresponding SRT employed by the Puyallup WWTP, we anticipate that the majority of PBDEs are removed 


from the aquatic waste stream via solids removal.   


As mentioned previously there is little toxicity information that considered surface water exposure of fish to 


PBDEs.  They primary route of exposure examined is through the diet due to the lipophilicity of the chemicals.  


Lema et al., 2007 exposed zebrafish larvae to dissolved PBDE 47 at concentrations of 100-5,000 μg/L beginning 


at 3-5 hrs post-fertilization.  They found that exposure to PBDE 47 at 500 μg/L or higher significantly reduced 


larval survival by 168 hpf relative to controls; concentrations of PBDE 47 at 2,000-5,000 μg/L resulted in delayed 


hatching.  At 96 hours post-fertilization (hpf), concentrations of 500-5,000 μg/L PBDE 47 resulted in reduced 


body length.  At the upper range of PBDE 47 exposures (400–5,000 μg/L), dorsal tail curvature was often 


accompanied by additional developmental abnormalities.  According to the concentrations in Table 30 the 


predicted surface water concentrations of BDE-047 (0.48 ng/L) is orders of magnitude lower that the 


concentration identified to result in adverse effects in fish from the surface water pathway.  The primary route 


of exposure to fish is via bioaccumulation and biomagnifications through the food web, which we discuss in the 


following section.  


6.13.1 BIOCONCENTRATION OF PBDES IN FISH 


There are 209 congeners of PBDEs classified by the number of bromine atoms: for example, 


pentabromodiphenyl ether (penta-BDEs) have five bromine atoms, octa-BDEs have eight, deca-BDEs have ten. 


Six out of the 209 PBDE congeners are typically found within the three commercial mixtures; therefore the 


majority of studies have been conducted on these six congeners (BDE-47, BDE-99, BDE-100, BDE-143, BDE-154 


and BDE-209).  The lower brominated compounds such as tetra and penta (BDE-47, BDE-99, BDE-100) are 


believed to bioaccumulate in the body fat of animals more readily than higher brominated compounds such as 


deca, and hexa (BDE-143, BDE-154 and BDE-209).  DecaBDE and octaBDE commercial products do not 


bioconcentrate in fish. The reported BCFs for these commercial mixtures are typically less than 50 (Hardy 2002).  


Numerous authors (cited in Tomy et al., 2004) have demonstrated the BDE 47 has the highest bioconcentration, 


biomagnifications and assimilation efficiency and was taken up more rapidly.   
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TABLE 31. PREDICTED FISH TISSUE CONCENTRATIONS BASED ON HIGHEST PBDE CONCENTRATIONS  


Congener 


Winter/Summer 


(ng/L) 


Predicted 


Surface Water 


Concentration 


(ng/L) 


BCF 


(L/kg) 


Fish Tissue 


Concentration 


(ng/g Lipid) 


BDE-047 5.35/5.38 0.23/0.23 10,318 8.79 


BDE-099/100 5.05/5.48 0.22/0.20 40,606 33.1 


BDE-209 3.34/0.75 (UJK) 0.15/03 (UJK) 40,606 


Not expected to 


bioaccumulate 


 


Very little PBDE tissue data is available to predict the potential for adverse effects in fish and little data is 


available on the toxicity of PBDEs in fish based on tissue data.  Our analysis utilizes two studies that address 


salmonids, Tomy 2004 which examines effects to juvenile lake trout based on tissue residue values in muscle 


and Arkoosh et al., (2010) which evaluates disease susceptibility in Chinook fed a diet of PBDEs.     


Tomy et al (2004) exposed juvenile lake trout (Salvelinus namaycush) to two dietary concentrations (2.5 ng/g 


and 25 ng/g per BDE congener) of 13 PBDEs for 56 days and then fed the fish a clean diet for 112 days.  They 


then examined the bioaccumulation parameters and associated toxic effects. The doses varied depending on the 


BDE tested but ranged from 1.1 to 3.4 ng/g dw in the low dose, to 6.0 to 27.5 ng/g dw in the high dose for BDEs 


47, 99, 100 and 209.  All PBDEs were detected in fish after a seven day exposure period, additionally some of the 


compounds debrominated, creating unknown PBDEs that were not present in the food or control fish.  The 


authors detected no difference in whole body growth rates, no variance in liver somatic index, and no mortality.  


They found some variability in EROD activity31 within the dose groups, however no significant differences were 


detected between any of the exposure groups during any time period considered.  Tomy et al., (2004) conclude 


that based on their results toxicity of PBDEs mediated by induction of CYP1A enzymes32 via the Ah receptor is 


not likely in fish exposed to environmentally relevant doses. Even when they increased the dose they found no 


increase in EROD activity compared to control fish; they cite other authors that came to similar conclusions 


(Boon et al., 2002; Chen et al., 2001; Darnerud et al., 1996; Holm et al 1993 in Tomy et al., 2004).  There was a 


                                                           


31 EROD activity is a biomarker of exposure and sensitive indicator of contaminant uptake in fish (Whyte and 


Tillitt.   http://www.cerc.usgs.gov/pubs/BEST/EROD.pdf accessed on 3/18/2012 


32 CYP1A induction is involved in or directly related to detrimental effects including apoptosis and embryonic 


mortality in fish exposed to EROD inducing contaminants (Cantrell et al., 1996 in Whyte and Tillitt 


http://www.cerc.usgs.gov/pubs/BEST/EROD.pdf accessed on 3/18/2012 


 



http://www.cerc.usgs.gov/pubs/BEST/EROD.pdf

http://www.cerc.usgs.gov/pubs/BEST/EROD.pdf
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reduction in thyroxin levels which resulted in a minor alteration in thyroid homeostasis in the both the high and 


low exposure groups and these low levels persisted in the high dose group even after depuration.  The authors 


conclude that thyroid homeostasis may be influenced by PBDEs at higher levels then are normally found in the 


environment.  


Arkoosh et al. (2010) fed juvenile Chinook salmon diets containing five PBDE congeners and then exposed them 


to a marine bacterial pathogen to evaluate disease susceptibility.  They fed juveniles a diet equivalent to 2 


percent of their body weight in food per day for 40 days containing congeners BDE-47, BDE-99, BDE-100, BDE-


153 and BDE-154.  Fish were fed a control (1.7 ng/g dw PBDEs) a 1 x PBDE diet (270 ng/g dw) and 10 x PBDE 


(1400 ng/g dw).  The authors compared the test diets to the congeners detected in Chinook from the lower 


Willamette River and found that congeners BDE-047, BDE-099 and BDE-100 were present at about half the 


amount as the same BDEs in fish from the Lower Willamette River in the 1 x PBDE diet, and much greater in the 


10 x PBDE diet.   


There was no significant difference between both diets and the control group in cumulative mortality, weight or 


condition, percent lipids or classes of lipids in the fish.  The authors found that when the fish were fed 270 ng/g 


dw of PBDEs in the diet they were more susceptible to disease than both control fish and the higher dose level 


(1,400 ng/g dw).  The authors observed an increase in disease susceptibility in juveniles when their mean total 


PBDE tissue concentration was 1,600 ng/g ±660 ng/g lipid.    


EPA used the modified Fisher Model to predict the surface water concentrations of PBDE congeners in Table 29 


along with the associated bioconcentration factors to estimate the whole body tissue concentration in fish 


exposed to BDE 047 and 099 (Equation #1).   


   


Equation #1)   


Where: 


SW: Predicted PBDE congener concentration in surface water (ng/L) using the Modified Fisher model. 


BCF: Bioconcentration factor for PBDE congener (L/kg) 


% Lipids: Average percent lipid (27%) in test fishes (juvenile Chinook) measured by Arkoosh et al., (2010) in the 1 


x PBDE diet. 


To estimate the tissue concentration in fish of PBDE-047, the predicted PBDE-047 concentration at the edge of 


the mixing zone of 0.23ng/L was multiplied by the BCF for PBDE 47 of 10,318 L/Kg, and normalized by the 


percent lipid (27%) in juvenile Chinook to get an estimated tissue residue value of 8.79 ng/g lipid:   


Equation #2) 
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This process was repeated for PBDE-099 (0.22 ng/L) to get an estimated tissue residue value of 33.1 ng/g lipid:   


Equation #3)  


 


Comparing these estimated tissue concentrations to those measured by Arkoosh et al., (2010) we find that they 


are substantially lower that the tissue concentrations (1,600 ng/g ±660 ng/g lipid ) in Chinook fed the 1 x PBDE 


diet (270 ng/g dw) which resulted in an increase in disease susceptibility in juveniles.   


The diets fed by Arkoosh et al., (2010) to juvenile Chinook were substantially higher than the diets fed by Tomy 


et al., (2004) to juvenile lake trout. Tomy et al., (2004) found no significant differences in the parameters they 


tested and no increase in EROD activity.  Arkoosh et al., (2010) found a significant difference in the disease 


susceptibility in juvenile Chinook fed 270 ng/g dw PBDEs.  They also measured PBDE tissue concentrations in 


those fish. Comparing the estimated tissue concentrations for juvenile salmonids in the lower Puyallup River 


using surrogate PBDE data, literature based BCFs and the modified Fisher model we calculated tissue 


concentrations that are substantially lower than those measured by Arkoosh et al., (2010).  Therefore, EPA has 


determined that based on our analysis, exposure to PBDEs potentially discharged from the City of Puyallup 


WWTP will not result in measurable effects to Chinook, steelhead or bull trout.   


6.13.2. INDIRECT EFFECTS TO SOUTHERN RESIDENT KILLER WHALES 


The NMFS Office of Protected Resources requested that we analyze the potential effects to SRKW from 


exposure of Chinook to PBDEs in the City of Puyallup WWTP.  The SRKW spends several months, from late spring 


to fall each year, in the Washington State Puget Sound waterways, including the Strait of Juan de Fuca, and the 


southern Strait of Georgia7.  The range of SRKW is immense and the action area for this species considered being 


the entire Puget Sound.   


The Puyallup River produces 2 percent of the Chinook smolts in the Puget Sound Basin.  Approximately 969 


natural origin spawners and 141,456 smolt recruits originate from the Puyallup River population (NOAA 2012 


JBLM Bio OP).  The roughly 2 percent of smolts surviving to the size where they would be consumed by a SRKW 


further reduces their numbers.  Of this 2 percent a maximum of 2 percent of this population would be expected 


to survive (2,800 fish)  (Duffy et al. 2010).   


EPA doesn’t dispute the fact the PBDEs and other lipophilic contaminants are bioaccumulating in SRKWs and 


other aquatic organisms.  EPA stresses that there are many point and nonpoint sources of these contaminants 


include airborne transport in the Puget Sound basin.  All these sources are contributing to the body burden of 


marine mammals.  However, EPA has determined that exposure to PBDEs potentially discharged from the City of 


Puyallup WWTP will not result in measurable effects to SRKWs base on the following considerations: 


1) the low percentage of Chinook smolts entering the Puget Sound Basin originating from the Puyallup 


River (2 percent); 


2) the low number of smolts surviving to adulthood (2 percent); 


3) the amount of PBDEs potentially accumulating in Chinook tissue (41.9 ng/g lipid) from the WWTP 


discharge; 
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4) the low likelihood of a SRKW consuming a Chinook from the Puyallup River that contains enough PBDEs 


obtained from the Puyallup WWTP discharge to cause a measurable effect in SRKWs; and 


5) the extremely low likelihood that anyone would be able to meaningfully measure, detect or evaluate 


whether the accumulation of PBDEs discharged from the Puyallup WWTP is adversely affecting SRKWs.     


7.0  DESCRIPTION OF HOW THE ENVIRONMENTAL BASELINE WOULD BE AFFECTED  
The reissuance of the NPDES permit proposes effluent limits that comply with the water quality standards of the 


Puyallup Tribe.  The effluent limits in the proposed permit are as stringent as or more stringent than those in the 


previous permit.  Consequently, this action is unlikely to cause further degradation of water quality and 


associated impacts on listed species. 


8.0 EFFECT OF THE PROPOSED ACTIONS ON TRIBAL RESOURCES  
The action area for this permit includes part of the Puyallup Tribal Reservation.  The permit relies upon 


technology-based and water quality-based effluent limits to be protective of Puyallup Tribal waters.   


 
FIGURE 21. PUYALLUP TRIBAL RESERVATION AREA33 


                                                           


33 US EPA Region 10, Puyallup Reservation Map, < 


http://yosemite.epa.gov/R10/AIRPAGE.NSF/bd6b0d4b002fc05b88256ab000715627/6247e4180a168aed88256f


ef0064b392!OpenDocument >, (accessed January 2010). 
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9.0 SUMMARY OF DETERMINATIONS 
Reissuance of the NPDES permit to the City of Puyallup is likely to adversely affect listed salmonids for a limited 


number of wastewater constituents.  Table 32 summarizes the effects determinations for the specific species 


and pollutants considered by this BE.   


TABLE 32.  EFFECT DETERMINATION SUMMARY FOR THE PUYALLUP WASTEWATER TREATMENT PLANT  


Pollutant Chinook Salmon Steelhead Trout Bull Trout 


TSS, Sediment and 


Turbidity 


May affect, not likely to 


adversely affect. 


May affect, not likely to 


adversely affect. 


May affect, not likely to 


adversely affect. 


Ammonia “ ” “ ” “ ” 


pH “ ” “ ” “ ” 


BOD5 “ ” “ ” “ ” 


Temperature Likely to adversely affect  Likely to adversely affect  Likely to adversely affect  


Bacteria No effect No effect No effect 


Arsenic May affect, not likely to 


adversely affect. 


May affect, not likely to 


adversely affect. 


May affect, not likely to 


adversely affect. 


Cadmium “ ” “ ” “ ” 


Chromium “” “” “” 


Copper “ ” “ ” “ ” 


Lead “” “” “” 


Mercury “ ” “ ” “ ” 


Nickel “” “” “” 


Selenium “ ” “ ” “ ” 


Silver “” “” “” 


Zinc “ ” “ ” “ ” 


PPCPs “” “” “” 


PBDEs “ ” “ ” “ ” 
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10.0 CUMULATIVE EFFECTS  
This section discusses the effects of future State, Tribal, local and private actions that are reasonably certain to 


occur within the action area.  New Puyallup Tribe water quality standards were developed for the receiving 


water and will be reviewed by EPA.  New dissolved oxygen criteria have been developed that will increase the 


minimum DO concentration that will need to be maintained in the receiving water.  In the meantime, the 


proposed NPDES permit was developed using existing Puyallup Tribe water quality standards, and is as stringent 


as or more stringent than the previous discharge permit for the City of Puyallup WWTP.  For example, the new 


permit will introduce monthly effluent monitoring of nitrate+nitrite, TKN, and total phosphorus, in addition to 


ammonia monitoring.  The new nutrient loading information will contribute to efforts by the State of 


Washington’s Department of Ecology to understand the role the Puyallup River may play in dissolved oxygen 


deficits in South Puget Sound.  The conservative NPDES permit limits and requirements for the Puyallup WWTP 


are intended to prevent the environmental baseline in the action area from degrading and to improve the 


baseline where possible.   


11.0 CONCLUSIONS  
The BE concludes that EPA’s proposed action of reissuing the NPDES permit for the City of Puyallup wastewater 


treatment plant for point source discharges of pollutants to the Puyallup River.  EPA has determined that this 


action is likely to adversely affect Chinook salmon, Steelhead trout, and bull trout exposed to elevated 


temperatures during the low flow season in a localized area in the vicinity of the WWTP discharge.  EPA does not 


anticipate that other pollutants measured in the discharge will be present at levels that could result in 


measurable effects to listed salmonids due to the advanced secondary treatment employed by the facility.  
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